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MEDIAL GENICULATE NEURONS OF THE UNANESTHETIZED SQUIRREL MONKEY:
PROCESSING OF SIMPLE AND COMPLEX ACOUSTIC STIMULI.
G. E. Alexander, D. Symmes and J. D. Newman. BBBr., NICHD-NIH,
Bethesda, Md. 20014. ‘
The activity of single neurons was recorded from the main sub-
divisions of the medial geniculate nucleus of awake unanesthetized
squirrel monkeys (Saimiri sciureus). The sample was composed of
269 cells tested with a variety of acoustic stimuli. Sustained in-
crease in spike discharge was the most frequently encountered
response pattern to tone bursts, noise bursts, and taped Saimiri
vocalizations. Approximately 98% of the neurons tested responded
to clicks, 92% to broad band noise bursts, and 91% to tone bursts
in the range between 0.5 and 21 KHz. Sixty percent of the units
were driven most effectively when the stimuli were presented
binaurally with matched intensity, 29% were driven best by contra-
lateral stimulation, and the remaining 11% were most sensitive to
ipsilateral stimuli. About 25% of the cells were characterized by
a variety of non-monotonic spike vs. intensity curves, including
transitions from activation to suppression of firing with increas-
ing stimulus intensity. In the other 75% of cells which had
monotonic spike vs. intensity curves, the relationship between
firing rate and stimulus intensity was in each case best
described by a power function. In the ventral subdivision of the
medial geniculate approximately 90% of the cells had definable
best or center frequencies, whereas this was true of only 30% of
cells in the magnoceilular subdivision.

Responses of individual medial geniculate neurons to tape
recorded Saimiri vocalizations were predictable from each cell's
response to artificial stimuli, in terms of frequency vs.
intensity tuning curves, spike vs. intensity functions, and
binaural interactions. In comparison to neurons in the primary
and secondary auditory cortices, medial geniculate cells showed
less selectivity in their responsiveness to a standard set of
species-specific vocalizations.

FORWARD AND BACKWARD MASKING OF CLICKS AND BRAINSTEM
EVOKED RESPONSE CORRELATES. Rildiger D.Brinkmann*, and
Michael Schergh* (SPON: E.PSppel). Max Planck Institut
fiir Psychiatrie,8000 Miinchen 40 Fed.Rep.Germany

The superior olive is the first waystation of the
auditory system,where inputs of the two ears converge
onto the same neurons and comparisons of differences
in time of arrival and intensity are performed for
the first time. Since wave III of the auditory brain-
stem evoked response has been related to the superior
olive,we were interested to see,whether this wave con-
tributes to our understanding of temporal masking.Un-
der conditions of sequential dichotic presentation
the masking click was held constant at 55 dB SL,while
the probe click was presented with 55,45,35,25,and 15
dB SL either leading (backward masking) or lagging -
(forward masking). In the psychophysical part of the
experiment subjects had to respond to the probe click
as soon as it could be heard. The subjects then en-
tered the electrophysiological part of the experiment.
They were exposed to the combinations of intensities
as mentioned above and the clicks were temporally
separated according to the psychophysical findings.
The brainstem evoked responses correspond closely to
the stimulus conditioms applied,in the sense,that a
superimposition of the two brainstem evoked responses
can be demonstrated. The latencies of the observed
positive deflections coincide with the expected peaks
due to each of the two clicks. Moreover,the temporal
interval necessary for the detection of the probe
click can be predicted from the latency of wave III
for each of the conditions under investigation. This
temporal interval (At) is a function of the difference
. between the latencies of wave III of the probe and
the masking click (LatIII - LatIIIM) plus a constant
time interval (C) of 1.4 ms in forward masking and

.7 ms in backward masking with respect to the given
intensities, in general At can be described by the

following medel: 4y _ f(LatIII -LatIIL,) + C

This model allows to evaluate the consistency of the
psychophysical judgements of subjects emngaged in a
temporal masking task. The different values for 'C'
in forward and backward masking are in good accor-
dance with reports on comparable psychophysical data.

* Indicates nonmember of Society for Neuroscience

AUDITION

THALAMOCORTICAL, CORTICOTHALAMIC AND CORTICOTECTAL PROJECTIONS
TO AND FROM PHYSIOLOGIGALLY IDENTIFIED LOCI WITHIN THE AUDITORY
CORTICAL FIELDS AAF, AII AND AI. _R.A. Andersen*, H. Patterson*,
P. Knight*, B. Crandall* and M.M. Merzenich* (Spon. R. Nicoll).
Coleman Lab., Univ. of Calif., San Francisco, Ca. 94143,

We entertain the possibility that different cortical fields
encode or represent different aspects of auditory sensation. We
have studied the thalamocortical, corticothalamic and cortico-
collicular connections of 3 of these auditory cortical fields in
the cat, the anterior auditory field (AAF), AI and AII. After
initially mapping the representation of the cochlea over a part
of one or more of these fields using microelectrode recording
techniques, tritiated leucine and/or horseradish peroxidase were
injected at physiologically defined loci. Thalamocortical and
corticothalamic projections to and from restricted AAF and AIIL
loci were found to be purely ipsilateral and precisely reciprocal.
A similar reciprocity has been previously described for the com-
plex connections of AI and the medial geniculate body (MGB)
(Colwell and Merzenich, Anat. Rec. 181:336, 1975), suggesting
that such thalamocortical-corticothalmic reciprocity is the rule
for auditory cortical fields. The principal reciprocal project-
ion of a restricted AAF locus is to and from a column of neurons
extending throughout the deep dorsal division of MGB. This re-
ciprocal projection continues into the posterior group, where it
breaks into several discrete columns, and into the caudal MGB,
where it extends out to the lateral margin. AAF-deep dorsal MGB
connections are ordered, consistent with a basal-to-apical coch-
lear representation within the lateral-to-medial dimension of the
deep dorsal MGB. There was a less dense but restricted reciprocal
projection to the rostrolateral part of MGB. With AIT injections,
a complex and diffuse reciprocal array restricted to the caudal
MGB was observed.

Neurons at any AI locus projected to the caudal region of the
inferior colliculus (IC), where their terminals formed restricted
sheets within the pericentral and the central nuclei. A physio-
logically identified sector of the cochlear partition represented
within AT always projected bilaterally to the same cochlear place
represented within the two central nuclei. The corticotectal pro-
jection from an AII locus formed a layer of grains within the
pericentral nucleus. No projections from AAF to IC have been
observed.

Comparisons of the projections of these 3 fields onto the
thalamus and IC show structural similarities suggesting certain
developmental as well as functional commonalities. However, the
overall connectional organization of each cortical field is
unique, implying functional segregation and parallel processing
of information ultimately giving rise to various aspects of
auditory sensation. Supported by NIH Grant NS-10414.

4 TRAVELING WAVE PARAMETERS IN THE KITTEW COCHLEA ESTIMATED FROM

RESPONSE PROPERTIES OF NEURONS IN AWTEROVENTRAL COCHLEAR WUCLEUS.
John F. Brugge, Eric Javel and Leonard M. Kitzes*. Dept.
Neurophys. and Waisman Cntr., Univ. Wisconsin, Madison, WI 53706
Response areas, which plot discharge rate vs stimulus frequency
at various SPLs, were obtained from AVCH cells of kittens during
the first month postpartum. They are compared with similar data
from AVCN of adult cat (Gibson et al, Psychophysics and Physiol-
ogy of Hearing) and auditery nerve of adult monkey (Anderson et
al, J. Acoust. Soc. Am. 49:1131). Most cells recorded in kitten
AVCN had characteristics frequencies (CF) below 4 kHz, indicating
that they were excited by basilar membrane motion primarily in
the apical half of the cochlea, a region which may undergo struc-
tural changes during this time. After the first postnatal week
the shapes of the response areas closely resemble those of re-
sponse areas of auditory nerve fibers and AVCN neurons having the
same CF in the adult. For CF below 1 kHz the response area is
skewed toward high frequencies; around 1 kHz the curves become
symmetrical; at higher CF there is an abrupt high-frequency cut
off and shift of the curves toward lower frequencies. Measure-
ments of the frequency interval between CF and high-frequency
cut off, at 20 dB above threshold, agree well with adult values.
Intervals were converted to distance along the basilar membrane
using Greenwood's function relating distance to frequency. This
distance may be taken as an estimate of the length of the apical
segment of the traveling wave envelope at various locations along
the basilar membrane given by the neuron's CF. Results indicate
that in kittens as young as 6 days of age the basilar membrane
supports a traveling wave along most of its length and that the
dimension of the apical segment is similar to that in the adult
cochlea. At the cochlear apex this length is about 3 mm; it de-
creases to a somewhat constant average value, less than 0.5 mm,
in the basal half of the cochlea. During the first postnatal
week, AVCN neurons are also responsive within a restricted fre-
quency-intensity domain. However, the curves are broader than
those in older animals and may spread for considerable distances
in the high frequency direction. Period histograms were con-
structed for AVCH cells whose discharges are locked to cycies of
Tow frequency tones. From the histograms a straight Tine phase-
vs-frequency plot is constructed. The slope of the Tine is a
time delay from which can be determined mechanical travel time
along the basilar membrane. Cochlear propagation time in kittens
in the third and fourth postnatal weeks approaches that in adults
at all CFs. Travel time appears slightly lengthened in animals

younger than two weeks of age. While mechanical properties of

the kitten cochlea mature at an early age, many.response proper-

ﬁ}ﬁSG?;H€¥CNS?§9§?nSHSBS3gE}ayed for several weeks after birth.
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SOME ASCENDING PROJECTIONS OF THE MEDIAL NUCLEUS OF
THE TRAPEZOID BODY IN CAT. Judy Brunso-Bechtold,

K. K. Glendenning, and R. B. Masterton. Dept. Psych.,
Florida State University, Tallahassee, Fla. 32306.

Because the cells of the medial nucleus of the
trapezoid body (MTB) are scattered among the fibers
of the trapezoid body, its projections have been
difficult to study. Nevertheless, MTB projections
to the ipsilateral lateral superior olive have been
deduced with degeneration techniques. The present
investigation confirms this deduction by showing
that small electrophoretic injections of HRP in the
lateral superior olive result in a large number of
backfilled neurons in MTB.

However, the projections of MTB are not restricted
to bulbar structures. Following electrophoretic
injections of HRP in the nuclei of the lateral lemnis-
cus, a significant projection from the ipsilateral
MTB is found. Furthermore, occasional backfilled
neurons in ipsilateral MTB are found after small
injections of HRP in the central nucleus of the
inferior colliculus., Thus, MTB in addition to being
part of the LSO system, is also part of a separate
system that ascends to pontine and midbrain levels.
(Supported by NIH:NS-7726)

AUDITORY NERVE PROJECTIONS TO COCHLEAR NUCLEUS
DEMONSTRATED BY ANTEROGRADE TRANSPORT
METHODS. J.H. Casseday and D.R. Jones*, Depts. Sur-
gery and Psychology, Duke University, Durham, NC 27710

To investigate the possibility that projections of the audi-
tory nerve could be studied by methods utilizing anterograde
axonal transport, tritiated leucine (250-1500 uCi) was injected
through the round window into the cochlea of cats. After a
survival period of 6-7 days, standard autoradiographic meth-
ods were used to show transport of the labeled amino acid to
the cochlear nucleus. The result showed that variations in
overall density of silver grains in the cochlear nucleus were
consistent with recent reports on the projection pattern of
the auditory nerve obtained by degeneration methods. For
example, the density of labeled fibers was greatest in the
ventral cochlear nucleus and least in the dorsal nucleus,
where only a few labeled fibers were found in the molecular
layer.

The most interesting finding concerned variations in the
proximity and density of silver grains around cell bodies
within each subdivision of the cochlear nucleus. These vari-
ations suggested marked differences in the innervation pat-
tern of different cell types. In general cells of similar
morphology had similar patterns of silver grains around
their somas. For example in the anterior part of the ante-
roventral cochlear nucleus, spherical cells were most often
totally surrounded by silver grains; whereas in both antero-
ventral and posteroventral cochlear nucleus, fusiform cells
were never surrounded by grains, and when present, the
grains were clustered at the poles of the cell. In the cen-
tral area of the posteroventral nucleus the soma and proxi-
mal dendrites of octopus cells were encrusted with silver
grains. The pattern of label around an octopus cell is
shown in darkfield and lightfield illurhination in Figs. 1 and
2 respectively. (Supported by NIH grant NS 12322)

g

GLYCINE EFFECTS ON RESPONSE PATTERNS OF NEURONS IN THE COCHLEAR
NUCLEI. D.M. Caspary and D.C. Havey*. Division of Neurobiology,
Department of Medical Sciences, Southern Illinois University
School of Medicine, Springfield, IL 62704.

Glycine has been found in varied concentrations in different
regions of the cochlear nuclei (Godfrey et al., J. Histochem.
Cytochem., in press, 1977). Godfrey et al. reported that glycine
levels in the cochlear nuclei (CN) are similar to those reported
for spinal cord gray matter, where evidence exists for its role
as a possible inhibitory transmitter (Aprison et al., Handbook
of Neurochemistry, 1970, Vol. 3). The present study examined
changes in both auditory evoked and spontaneous single unit
activity in response to iontophoretic application of glycine.

All neurons were studied at their best frequency, 20-30dB above
the unit's threshold. A summating or current balancing channel,
or a separate current barrel was used in all experiments. Post-
stimulus time histograms (PSTH's) and interspike interval histo-
grams (ISIH's) were obtained before, during, and after appli-
cation of glycine onto CN neurons of the anesthetized chinchilla.
Selective effects of glycine were observed on area-specific re-
sponse patterns and spontaneous activity. Pauser and build-up
type neurons from the dorsal cochlear nucleus (DCN) occasionally
exhibit increased latency of onset response in PSTH's with ionto-
phoretic application of small amounts (0.5-50 nA) of glycine
(0.5M). Other pauser and build-up' neurons exhibited a general-
ized inhibition of driven and spontaneous activity. Primary-like
neurons typical of ventral cochlear nucleus (VCN) did not show a
specific effect on the initial portion of the response. Glycine-
responsive neurons showed either generalized depression of
activity, or a striking inhibition of spontaneous activity with
little reduction of driven activity. Frequently, glycine appli-
cation caused total cessation of all spontaneous activity even in
neurons with moderate to high rates of control spontaneous
activity. Increasing doses of glycine progressively increased |
the selective effect in all glycine-sensitive neurons examined.
In certain VCN neurons, increased glycine resulted in a response
decrement resembling the reduction in response associated with

a decrease in stimulus intensity.

Preliminary findings indicate that GABA also has an inhibitory
effect on some CN neurons, but seems less effective than glycine.
Further studies of the glycine and GABA effects on area-specific
response patterns may suggest relationships with a specific cell
type, i.e., small cells or interneurons, or neurons receiving
descending inputs.

ONGOING HAIR CELL PRODUCTION, MATURATION, AND DEGENERATION

IN THE SHARK EAR. Jeffrey T. Corwin, Neurobiol. Unit, Scripps
Inst. Oceanography, and Dept. Neurosciences, Sch. Med., Univ.
Calif., San Diego, La Jolla, CA 92093.

In carcharhinid sharks the macula neglecta is an auditory
epithelium which contains thousands of aligned hair cells and
forms part of the lining of the posterior canal duct. It is a
highly differentiated structure, but inspite of this, surface
counts of its hair cells indicate that great numbers are added
post-embryonically.

The origins of these cells were investigated by pulse
injection of juvenile sharks with 3H-thymidine. In animals
with the shortest survival time autoradiography demonstrated
the label within the nuclei of relatively undifferentiated
basal cells in a stratified marginal epithelium which forms a
nonsensory zone extending 250 um outside the edge of the sensory
epithelium. With longer survival times the label progressed
into the surface strata within this marginal epithelium and
eventually entered the hair cell population in the peripheral
sensory epithelium. While in the stratified marginal epithelium
some of the cells develop certain cytological characteristics
of hair cells. At this time they also develop associations with
neurites even though they may be 200 um peripheral to the edge
of the sensory epithelium.

In correspondence with the above, scanning electron micro-
scopy of ears from juvenile and mature adults has shown a
gradation of hair cell surface form from the periphery to the
center in each sensory epithelium examined. Peripheral cells
have small surface outlines, short stereocilia, and a kinocilium
which in some cells is shorter than normal. However, these
cells possess a full complement of cilia arranged in a miniature
version of the geometrical array found in central hair cells.
There is a gradual change in these characteristics as one
progresses inward to the central portion of the epithelium which
is mainly composed of large, mature hair cells. In the adult
ears in addition to the large cells a third type of hair cell
was sparsely distributed in the central region. The small size,
the lack of geometrical form, and the reduced number of cilia
of this third cell type suggest that they may be senile or
degenerating.

These results clearly show that the possibility of post-
embryonic hair cell addition and turnover should not be ruled
out simply on the basis of the high structural differentiation
found in epithelia of many acousticolateralis organs.

(Supported by grants to Dr. T.H. Bullock from NSF and NIH
and grants to Mid-Pacific Marine Laboratory from ERDA.)
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ROLE OF NEOCORTEX IN INTERAURAL INTENSITY AND
PHASE-ANGLE DISCRIMINATION: DETECTION VS. IDENTI-
FICATION. Jerry Cranford, Makoto Igarashi, Ronald DeWitt,*
Dept. Otorhinolaryngology & Communicative Sciences, Baylor
College of Medicine, Houston, Texas, 77030

At the present time, a major issue concerning the effects’
of auditory decortication on sound localization is whether or not
operated animals retain a normal capacity for discriminating
the small interaural differences in arrival time (phase) or in-
tensity which result from the spatial separation of sound
sources relative to the head. Heffner & Masterton (1975) have
suggested that the deficit seen with cortical lesions, rather
than reflecting a disruption of the animal's normal perception
of the location of sounds, may be the result of an "auditomotor
or associative' deficit involving the animal's inability to act
appropriately on the basis of its normal perception. Neff &
Casseday (1977), on the other hand, believe that the auditory
cortex is necessary to allow animals to recognize that the
stimulus to one ear differs in some respect (intensity, time of
arrival, sequential arrangement of sounds) from the stimulus
to the opposite ear.

The present experiment was designed to provide data rele-
vant to this controversy. Using earphones and an active avoid-
ance training procedure, the effects of auditory cortex abla-
tions on the cats' ability to detect reversals in the interaural
phase-angle or intensity relations of binaural 1-kHz tonés were
studied with seven cats. For both auditory decorticate (ab-
lation of AI, AII, Ep, SII, I-T) and unoperated cats the detec-
tion thresholds for interaural intensity and phase-angle were
found to be close to 1-dB and 5° respectively. In addition, we
found that both operated and unoperated cats transferred at
above chance levels from the original lateralization task involv-
ing the detection of interaural reversals of phase-angle or in-
tensity to a new paradigm which required the cats to identify,
in an absolute sense, which ear received the leading or louder
signals. Thus, the present investigation provides additional
evidence that the neocortex has no primary sensory role in
sound localization.

H. Heffner & B. Masterton, J. Neurophysiol. 381975) 1340.
W.D. Neff & J,H. Casseday, J. Neurophysiol. 40(1977) 44.
Supported by NINCDS grants NS11812 and NS10940.

COCHLEAR NUCLEUS UNIT RESPONSES IN CONSCIOUS RABBITS. John F.
Disterhoft, Scott Evans* and Leslie Sargent Jones*. Dept. Anat.,
Northwestern Univ. Med. Sch., Chicago, IL 60611.

Responses of single neurons in the cochlear nucleus of young
adult male albino rabbits to pure tones were characterized. The
rabbit's head was fixed to a stereotaxic by 4 restraining bolts.
A visual approach to the cochlear nucleus was achieved by opening
the foramen magnum and removing enough of the occipital bone to
visualize the cochlear nucleus below the cerebellum. The cere-
bellum was sometimes gently retracted to allow a better view.
The area of incision was thoroughly infiltrated with Xylocaine
after initial preparation. The animal was paralyzed with
Flaxedil and respirated through a tracheostomy tube. Pure tone
stimuli, 50 msec in duration, were gated on with a 2.5 msec rise-
time at a repetition rate of 1/1.4 second and delivered free
field in a sound attenuating chamber. Etched tungsten micro-
electrodes coated with Epoxylite, with impedances of 1-4 megohms,
were introduced into the cochlear nucleus by a remotely con-~
trolled hydraulic microdrive. Extracellular potentials from
200 uV to 2 mV were recorded.

Thus far 62 single units in DCN and AVCN have been studied.
Response latencies varied from 4 to 10 msec from tone onset at
the ear for most units. Most tuning curves have been rather
broad. The prominent response pattern recorded has been a
"primarylike" response, with the neuron responding with in-
creased firing throughout the tone burst. Some of these neurons
have also shown a suppression in firing at tone offset. A
smaller group of neurons have shown more complex patterns as
have been commonly recorded from DCN in unanesthetized prepara-
tions by previous investigators: inhibition throughout the
tone; no response during the tone with a burst of spikes at tone
offset; excitation at certain tone frequencies and inhibition at
others; long latency excitatory response continued well after
tone offset., Neuron location as judged from depth of electrode
penetration from the cochlear nucleus surface and histological
location of electrode tracks indicated that a large proportion
of the neurons studied have been in DCN. But the predominant
response type which has been seen is that usually recorded in
AVCN, Ongoing studies, with more precise reconstruction of
electrode tracks, are being done to accurately correlate
response type with neuron location in cochlear nucleus.

AUDITION

10 QUANTITATIVE ANALYSIS OF CLICK ELICITED RESPONSES IN ANTERO-
VENTRAL COCHLEAR NUCLEUS WEUROWS. John W. Dickson, Mario A.
Ruggero and Robert E. Wickesberg*. Dept. of iHeurophysiology,
University of Wisconsin, Madison, WI  53706.

We have studied the post-stimulus time histograms of the
responses to clicks of 111 anteroventral cochlear nucleus
(AVCN) neurons in barbiturate-anesthetized cats. Most units
were stimulated with clicks of both polarities at a variety
of intensities; characteristic frequencies (CF's) were
determined for 93 units. As in the cochlear nerve (i. VIII),
the click-evoked histograms from Tow-CF units were multimodal.
The "time" of each peak was defined as the arithmetic mean of
the times of the spikes in the peak. Using statistical and
graphical methods, we studied the relationship of mean inter-
peak interval to CF, the interdigitation of the peaks elicited
by the two polarities, the consistency of the mean interpeak
intervals measured at different polarities and intensities,
and peak latency shifts with intensity changes. Most of our
results confirm the similarity of AVCN and M. VIII click
responses. Results not previously reported for click responses
in AVCN include occasional systematic changes in interpeak
interval within a single histogram and, for Tow-CF units,
similarity of peak times for units of similar CF. The former,
seen most often at high intensities, is reminiscent of non-
linear effects seen in the basilar membrane and in N. VIII.
The Tatter suggests a uniformity of AVCW responses which may
be important for processing of temporally encoded signals by
higher centers (e.g. for sensing interaural phase differences).
(Supported by N.I.H. grants NS12732, NS02024, iIS51561 and a
NSF Graduate Fellowship (R.E.W)).

12 CYTOARCHITECTURE OF THE TORUS SEMICIRCULARIS IN THE RED-EARED
TURTLE, CHRYSEMYS SCRIPTA ELEGANS. T. FACELLE and R. BROWNER.
Dept. of Anatomy, New York Medical College, Valhalla, N.Y. 10595.

. The normal cytoarchitecture of the torus semicircularis (TS)
was analyzed in eleven turtle brains stained with cresyl violet
or impregnated by the Golgi-Kopsch method. Golgi sections of
120um thickness were studied in the three standard planes. The
TS is a midbrain nucleus which caudally bulges on the dorsal
mesencephalon and extends rostrally, laterally, and dorsally
where it is ventral to the tectal ventricle (TV) at a mid-tectal
level. The TV consists of two nuclei: a larger central nucleus
(CN) and a laminar nucleus (LN) interposed between the CN and
the TV.

The CN has a small neuron population of ovoid-spherical soma
ranging from 6.5-14.0pm with one to five primary dendrites. The
dendrites radiate from the cell soma without a consistent pat-
tern. This neuronal pvpulation has occasional secondary and
tertiary dendritic branches with spines. There is a large cell
population (16.0-26.0um) of either ovoid (one-five primary
dendrites), or fusiform (two-four dendrites). The large ovoid
cells often show secondary and tertiary dendrites with spines
seen frequently on the distal dendrites, and infrequently on the
primary dendrites and soma. The primary dendrites form different
patterns: radiate, bipolar, or perpendicular where two dendrites
emerge from the soma at a 90° angle to each other. The fusiform
cells have dendrites emerging at opposite poles of the soma and
show distal branching, but no dendritic spines. The only notable
distribution is the encapsulation of the CN borders by the
dendrites of the large ovoid cells at the CN periphery.

At the caudal TS the LN cups the ventromedial CN, more rostral-
ly the LN is medial and then dorsomedial to the CN, and at the
rostral pole caps the CN dorsoventrally. In Golgi sections there
are three cell types in the LN: ovoid (16.0-19.5um) with one-
three primary dendrites; fusiform neurons (23.0-26.0um) with two
or three primary dendrites; and stellate (20.0pm) with four
primary dendrites. All LN cells lack spines but many display an
extensive, branching dendritic field with dendrites up to 550um
long. The dendrites of the LN neurons form a criss-crossing
grid in three directions: dorsomedial to ventrolateral (from the
TV into the CN),dorsolateral to ventromedial (along the dorsal
CN border), and anterior to the CN the LN fibers run rostral to
caudal.
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THALAMIC PROJECTIONS TO THE POSTERIOR AUDITORY CORTICAL FIELD IN 14
CAT. K. A. FitzPatrick, T. J. Imig* and R. A. Reale. Dept. of
Neurophysiology, Waisman Center, Univ. of Wisconsin, Madison,

Wl 53706.

Electrophysiological mapping experiments currently in pro-
gress in this laboratory have deomonstrated the presence of a
secondary auditory field buried within the posterior ectosylvian
sulcus in the cat (Reale and Imig, this meeting). This field,
called the posterior auditory field, occupies the posterior bank
of the sulcus and contains a complete representation of the coch-
lea. In the present study injections of horseradish peroxidase
were made into selected regions of the posterior field after con-
structing a detailed tonotopic map of this region. The location
of labeled cells in the medial geniculate body was analyzed in
order to determine the sources of thalamic input to the posterior
field. Following injections confined to this field, labeled
cells are found primarily in restricted portions of the principal
and dorsal nuclei of the medial geniculate. Additional labeled
cells appear in the ventrolateral nucleus of the geniculate and
an occasional cell is seen in the magnocellular nucleus and nuc-
leus of the brachium of the inferior colliculus.

Supported by NIH Program Project Grant NSi12732, Core Grant
HD-03352, and NSF grant BNS 76-19893, Postdoctoral Fellowship
N$-05232-01.

ALLOXAN - INDUCED DIABETES CONFERS PROTECTION AGAINST KANAMYCIN 16
OTOTOXICITY. Paul S. Guth*, Juan Garcia-Quiroga and Charles H.

Norris*. Dept. Pharm., Sch. Med., Tulane Univ., New Orleans,

LA 70112.

The clinical utility of the aminoglycoside antibiotics is
hampered by their well-known capacity to cause labyrinthine dam-
age. The pattern and time course of the damage produced have
been extensively described by many researchers, but the ototoxic
mechanism remains unclarified. OQur attention was focused on the
aminosugar moieties of these antibiotics by the finding of Owada
(Chemotherapia 5, 227, 1962) that 3-aminoglucose, the aminosugar
of kanamycin is itself ototoxic. It is known that aminosugars
compete with glucose for transport systems across membranes. As
a first test of the hypothesis that the aminoglycoside anti-
biotics produce their ototoxicity by reducing glucose transport
in the organ of Corti we attempted to prevent kanamycin-induced
ototoxicity by making animals hyperglycemic. One group of rats
were made diabetic with alloxan and were injected with kanamycin
(400 mg/kg i.p.) daily. A second group received kanamycin alone
at the same dose. Blood and urine glucose levels were monitored
periodically. The status of the cochlea was determined once
weekly by electrocochleographically measuring the visual
detection at 1,2,4,6,8,10,12,14,16, and 32 KHZ. When the non-
diabetic animals showed a threshold shift greater than 30db at
two frequencies both groups of animals were sacrificed and
their cochleas examined by the surface preparation technique.
The diabetic group of animals were clearly and dramatically
protected against kanamycin ototoxicity as evidenced both by
electrocochleography and histological examination. The extent
of the protection correlates very clearly with the blood
glucose concentration. (Supported by grant 71-6 from the V.A.)

EFFECTS OF HAIR CELL LOSS IN THE WALTZING GUINEA PIG ON
THE SYNAPSES OF THE SPIRAL GANGLION CELLS IN THE ROSTRAL
AVCN. R.L. Gulley and R.J. Wenthold. Dept. of Anatomy, Case Western
Reserve University, Cleveland, Ohio and LNO, NIH, Bethesda, MD.

In the NIH strain waltzing guinea pig, there is a progressive loss of
hair cells in the organ of Corti beginning 10 days after birth. By 60 days,
all hair cells have degenerated. Between days 30 and 90, 60 to 80% of the
spiral ganglion celis degenerate. After 90 days, a stable population of
both type I and II spiral ganglion cells remains. There is no further loss of
ganglion cells during the next 6 months. The terminals of the ganglion
cells in the rostral AVCN, the end bulbs of Held, are normal through 20
days of age. In animals older than 90 days, the synaptic junctions are
flattened but the terminals otherwise are normal. In these older animals,
all stages of granulofilamentous degeneration can be identified in these
terminals following surgical destruction of the ganglion cells that remain
after hair cell loss. In freeze-fracture replicas, the postsynaptic mem-
branes of the end bulbs before hair cell loss are identical to those in nor-
mal guinea pigs. However, the postsynaptic membrane opposite end bulbs
in animals older than 90 days have a greater density of nonaggregate par-
ticles on the external leaflet than this membrane in animals before hair
cell loss. Moreover, in older animals there are no perisynaptic aggre-
gates on the external leaflet of the membrane. The number and distri-
bution of junctional aggregates is identical to that in animals before hair
cell loss. The similarity of the changes in the principal cell membrane
following hair cell loss 1o those seen immediately following deafferen-
tation of the principal cell suggests that synaptic activity may be impor-
tant for maintaining the postsynaptic membrane. Moreover, there is a
clear implication that the presence of intact spiral ganglion cells follow-
ing hair cell loss does not necessarily imply the existence of functionally
competent synapses in the CNS.

EFFECT OF AUDITORY CORTEX ABLATION ON THE PERCEPTION OF
MEANINGFUL SOUNDS.  Henry E. Heffner. Bureau of Child
Research, University of Kansas, & Parsons State Hospital
and Training Center, Parsons, KS 67357

Dogs were tested on their ability to classify mean-
ingful sounds before and after auditory cortex ablation.
The animals were trained to classify sounds chosen from
two well-defined categortes of sound. The first category
was that of "dog" sounds and the sounds used were dog
vocalizations, such as barks, whines, and howls, which
had been recorded from over 50 different dogs. The second
category was that of "non-dog" sounds and the sounds used
consisted of the vocalizations of animals ranging from
crickets to elephants as well as the sounds of objects
ranging from clocks to steamboats. The sounds were care-
fully chosen to reduce the possibility that the dogs
could classify them simply on the basis of physical
characteristics such as frequency spectrum and temporal
pattern.

Using a two-choice procedure, the animals were
trained to make one response when a dog sound was pre-
sented and a different response when a non-dog sound was
presented, a task which normal dogs readily learned. The
ability of the animals to classify the sounds was tested
in two ways.  First, the dogs were presented with new
sounds and their ability to transfer their training to
these sounds was determined. Second, the animals were
given an equivalence test in which their response to addi-
tional new sounds was determined in the absence of any
feedback concerning the correct response. Again, normal
dogs were easily able to learn these tasks and could
successfully classify as many as 100 new sounds in a
single one-hour session.

Bilateral ablation of primary auditory cortex (AI)
had no significant effect on the ability of the dogs to
classify the sounds. However, bilateral ablation of both
primary and secondary auditory cortex resulted in a tem-
porary inability of the animals to discriminate between
the sounds as well as to classify them. This disability
diminished with time and after several months the animals
were able to discriminate and classify the sounds at nor-
mal or near-normal levels.

It appears, then, that auditory cortex is not neces-
sary for the discrimination of meaningful sounds. Further-
more, the evidence suggests that bilateral ablation of
auditory cortex may result in no more than a transient
disruption of the ability to perceive meaningful sounds.
(Supported by NIH Grants NS 12 992 and HD 02528, Bureau
of Child Research, University of Kansas.)
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NEUROLOGICAL EVALUATION OF THE AUDITORY SYSTEM IN NONVERBAL
SEVERELY RETARDED CHILDREN. Rickye S. Heffner. Bureau of
Child Research, University of Kansas, Lawrence, KS 66045.

Recently, we have considered the possibility that the
language disorders of nonverbal mentally retarded children
may be due in some cases to an inability of auditory input
to reach the cortical speech areas of the brain despite
normal pure tone sensitivity. To investigate this possi-
bility, nonverbal severely retarded children with normal
hearing were tested for their ability to 1localize sounds.
The reason for choosing a sound-localization test was that
ablation-behavior experiments have indicated that animals
are unable to localize brief sounds if the input from the
ear is completely severed from the cortex at any level in
the auditory pathway. Therefore, a sound-localization test
would constitute a test of the integrity of the auditory
pathway from the ear up to and including auditory cortex.

Fifteen nonverbal severely retarded children were
tested on their ability to Tlocalize single clicks emitted
by loudspeakers located to the left and right of midline.
The children were trained to respond by touching a screen
covering the loudspeaker from which the sound had come.
Despite severe cognitive and motor impairments, twelve of
the children were able to localize single clicks with nor-
mal or near-normal thresholds while only three were unable
to localize single clicks at all.

Since disruption of auditory input to the cortex is
known to disrupt the 1localization of brief sounds, it
appears that the auditory system of these twelve children
is at least sufficiently intact to enable them to Tocalize
sounds. Therefore, the inability of these children to
Tearn language cannot be due to gross disconnection of the
ears from the cortex. Further work is presently being con-
ducted to determine if the inability of the other three
children to 1localize single clicks is due to an auditory
incapacity or to some cognitive, emotional, or motor pro-
blem.

(This work was supported by Grants CDRC 1-P01-NS-11601 and
HD 02528, Bureau of Child Research, University of Kansas.)

A PRELIMINARY STUDY ON THE EFFECTS OF THE HYPEROXIA AND HYPOCAPNIA
TO THE 8TH NERVE ACTION POTENTIAL IN CHINCHILLA. S.-M. Hou and

D. M. Lipscomb¥*. Noise Research Laboratory, Dept. of Audiology &
Speech Pathology, The University of Tennessee, Knoxville, TN.
37916.

Hyperoxic breathing at 1 atm was found to produce two types of
neural depressions in the action potential of the cochlear nerve.
A rapid depression of the AP immediately upon flushing the
cnamber with 1007 oxygen was observed. Complete recovery of the
AP takes place within 10 seconds of introducing trace amount of
carbon dioxide into the inhalant. The second type of neural
condition developed over 2 hours of pure oxygen breathing and
consists of a prolonged AP depression and latency shift. Recovery
from this effect was achieved 6 hours after returning to air.

The short term effect was found due to carbon dioxide deprivation
during the 1007% oxygen inhalation and the long term effect was
found to be result from the development of intracellular oxygen
toxicity by prolonged hyperoxic breathing. The possible role of
the superoxide radical in the auditory oxygen toxicity will be
discussed.
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RESPONSES OF THE 657BL/6 MOUSE TO ACOUSTIC STRESS. Kenneth R.
Henry. Dept. Psychol., U. of Calif., Davis, 95616.
Volume-conducted inner ear and auditory trainstem responses to
a click centered at 2 kHz were obtained from the C57BL/6 mouse.
By using a vertex-to-mouth electrode configuration, and maintain-
ing a constant ear temperature (37.5 ¢ .1°C), it was possible to
simultaneously obtain recordings representing cochlear micropho-
nics (CMs) and the negative summating potential, in addition to
the auditory nerve and trainstem (P, to P,) far field measurements
previously described by Jewett. Ha.%efact!on clicks produced a
larger CM amplitude and a shorter CN8 (PI) latency than did con-
densation clicks. Dual P. peaks were observed, separated by an
interval which approxima.téd the period of the click center fre-
quency., Although P._ and P_. showed parallel latency decreases
as the click was indfeased Ffom 30 to 70 db, P__ amplitude in-
creased while P.. amplitude decreased as stimuiﬁs intensity
increased over this range. After exposure to 5 min of 110 db
asynchronous noise centered at 5 kHz, all the measures described
above showed a decrease of amplitude, and condensation and rare-
faction clicks no longer produced differential effects on CMs
and P, measures. One week postexposure, P.. continued to show an
ampli{ude decrement from 10 to 70 db, Hhilng was only decreased
in amplitude at 70 db., Hypothermia and bubiiﬁates interacted
with noise in these postexposure changes. The hair cell loss due
to this acoustic stimulus was greatest in the apical region of the
organ of Corti, and it was postulated that P., reflects activity
which is generated at or near the aplcal por&on, while P__ repre-
sents synchronous activity generated nearer the base of tﬁ audi-
tory transducer.
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THE ABILITY OF SINGLE CELLS AND EVOKED POTENTIALS FROM
THE CAT'S BRAIN STEM TO RESPOND' TO REPETITIVE ACOUSTIC
STIMULATION. Chi-Ming Huang* and Jennifer S, Buchwald,
(SPON: Lowell E. White, Jr.) Dept. Physiology, Univ. of

S. Alabama, College of Medicine, Mobile, AL 36688 and Dept.
Physiology, BRI, Mental Retardation Research Ctr., UCLA School
of Medicine, Los Angeles, CA 90024.

The classical brain stem auditory relay pathway contains a
chain of relay neurons. They appear to make monosynaptic con-
tact with relay neurons in the structure to which they project,
thereby establishing a fast conduction pathway with minimum
synaptic delay. Their sequential activation provides a basis for
the current interpretation of brain stem evoked response (BER).
The short response latencies suggest that the synaptic conduction
is secure and the axons are probably the fastest-conducting axons
in the auditory pathway. Since,. in a given brain stem structure
the initial discharges of these relay neurons are usually highly
synchronized, it also suggests that these neurons may have simi-
lar synaptical as well as morphological features such as dia-
meters of axon, types of synapse, etc. This report deals with
single neurons in the brain stem of anesthetized adult cats and
evoked potentials from the brain stem of anesthetized cats and
awake cats. Short (45 ms) tones at the neuron's best frequency
were delivered at rates from 1/sec to 20/sec. In a given brain
stem structure, depending upon the level, approximately 20 to
50% of all the neurons sampled were short-latency cells. (e.g.
50% in the cochlear nucleus and 20% in the inferior colliculus).
The response plasticity of neuronal discharges was analyzed and
compared in different neurons. The response plasticity of BER
was also analyzed. In the same neuron, the response was broken
down in segments of time and analyzed. The data suggested that
(1) the initial discharge (within 5 ms of tone stimulus) of short-
latency cells demonstrated identical response plasticities as that
of the BER. The later discharge of short and long-latency cells
demonstrated the same response plasticity. (2) In awake cats,
the response plasticity of BER components 1-4 were similar to
that measured when the cat was anesthetized. (3) Evoked po-
tentials from the inferior colliculus showed a peculiar enhancing
effect in the awake state when the repetitive acoustic stimuli
were separated by approximately 500 msec.

These data suggested that the BER may also be under central
control.
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THE ORIGINS AND TARGETS OF CORTICOCORTICAL CONNECT!IONS RELATED TO
TONOTOPIC MAPS OF CAT AUDITORY CORTEX. T. J. Imig* and R. A.
Reale (SPON: A. L. Berman). Dept. of Neurophysi

and Waisman
Ctr. on Mental Retardation, Univ. of Wisconsin, Madison, Wl 53706
Within the auditory region of the cat's cerebral cortex are
located several complete and orderly frequency representations.
In the experiments reported here, we have employed microelectrode
mapping techniques to study the frequency organization of the
primary auditory field (Al) and two adjacent auditory fields.
Adjoining Al caudoventrally is a posterior field (P) which occu-
pies the caudal bank and part of the rostral bank of the posteri-
or ectosylvian sulcus. Bordering Al rostrally is an anterior
field (A) located on the anterior ectosylvian gyrus and extending
onto the caudal bank of the anterior limb of the suprasylvian
sulcus. Within each field is a complete and orderly frequency
representation with a narrow band of frequencies represented along
a cortical strip. During experiments in which the frequency or-
ganizations of these fields were mapped, tritiated (3H) proline
was injected at one or more locations into a restricted portion
of the frequency representation of Al, A or P. From histological
sections processed for autoradiography, maps of the frequency or-
ganization of auditory cortex and the distribution of labeled
protein were reconstructed. Following an injection of 3H proline
into Al, labeled protein is found in both A and P. Following an
injection of 3H proline in either A or P, labeled protein is
found in Al. Furthermore, frequencies represented at the injec-
tion site correspond closely to frequencies represented at target
sites. These data indicate that similar portions of the frequen-
cy representations in fields Al and P and fields Al and A are re-
ciprocally connected. When projected upon the cortical surface,
the heavily labeled region produced by a single injection of 3H
proline in field Al, A or P occupies a circular region centered
at the injection site. On the other hand, the distribution of
labeled protein found at the target sites, when projected upon
the cortical surface, occupies an area elongated in a direction
parallel to isofrequency contours. Supported by NSF grant 76-
19893 and NIH grants NS-12732, HD-03352, NS-05459 and NS-05326.

DISCRIMINATION OF LEFT-RIGHT VS RIGHT-LEFT CLICK PAIRS FOLLOWING
LESIONS OF AUDITORY CORTEX IN THE RAT. Jack B. Kelly Department
of Psychology, Carleton University, Ottawa, Canada, K1S 5B6.

Lesions of auditory cortex in cats result in severe deficits
in the ability to localize sounds in space. Even unilateral
lesions produce impairments in localization if the animals are
tested with left and right sounds presented in pairs separated
by small time intervals, that is,the precedence effect (Cranford,
Ravizza, Diamond and Whitfield, 1971). Because the precedence
effect is a very sensitive test in the cat, we have employed dis-
criminations of small time intervals between spatially separated
loudspeakers to assess the effects of auditory cortical lesions
in the rat. In our tests the animals were trained by the con-
ditioned suppression procedure, first, to discriminate a train
of left clicks from a tta%n of right clicks emanating from loud-
speakers separated by 180 . When the animals had learned this
simple left vs right discrimination, they were given further
tests with paired clicks in which they had to discriminate left~
right from right~left sequences. The temporal separations (At)
between left and right clicks ranged from 8 msec to 250 micro-
seconds. In spite of the apparent complexity of this stimulus
situation, rats with bilateral lesions of auditory certex could
still perform the discrimination with both large and small At
values. Unilateral lesions also produced no obvious impairment.
We have concluded that,for rats,auditory cortex is not essential
for discrimination based on the precedence effect. The apparent
difference between rats and cats is possibly based upon the
nature of the response required by the testing procedure.
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COCHLEAR NUCLEUS. Eileen S. Kane and John W. Conlee.* Dept.Anat.
University of Chicago, Chicago, Illinois 60637

Manudl injections of small volumes (0.15-0.7 ul) of tritiated
leucine;(25-70 uC) directly into the fenestra rotunda of adult
cats, followed by 24~48 hour survivals, perfusion-fixation, fro-
zen-sectioning, and routine processing of mounted sections for
light microscopic autoradiography showed clear grain distribu-
tion in the ipsilateral cochlear nucleus only. Significant grain
counts (above background) occurred in all major regions of ven-
tral cochlear nucleus or VCN (500~600 grains/100 umz) with few-
er grains (150-300 grains/100 umz) in dorsal cochlear nucleus or
DCN. Liquid scintillation counts (LSC) of cochlear nerve roots
showed significantly greater uptake by experimental vs. control
roots (average dpm's = 30:1 after 48 hours) in all cases. Simi-
lar results were obtained with and without blockage of the coch-
lear aqueduct. Specifically, our autoradiographic studies
showed more dense and uniform labelling of all major regions of
the ventral than the dorsal cochlear nucleus, predominantly
perisomatic distribution of label in the anteroventral (AVCN)
and posteroventral (PVCN) cochlear nuclei and in the fusiform
cell layer (FCL) of DCN plus a dense-to-sparse gradation of
grain density from deep to superficial layers of DCN. Heaviest
labelling occurred in the nerve root zone and lightest in the
superficial DCN. Both bright and, particularly, dark-field
illumination, revealed clear grains in emulsion over somata of
PVCN (both PA and PP) and in AVCN (both AA and AP), over
"giant" and small cell somas of deep DCN, and several grains
consistently over fusiform cell somata. Octopus cells were
notably covered with nearly uniform grain populations; fre-
quently, linear grains (suggesting incoming axons) could be fol-
lowed directly into these perisomatic grain clusters. Our obser-
vations have confirmed findings of numerous prior investigations
of cochlear inputs and have provided the basis for further study
of (1) primary synaptic terminals in specific cochlear nucleus
regions and (2) primary neurotransmitter substances, now under
study. (Supported by University Chicago, Deafness Res. Fdn. and
USPHS Grants NS-12071 & NS-00008 (RCDA) to E. S. K.).

AUDITORY RECEPTIVE FIELDS IN THE OWL. Eric I. Knudsen and
Masakazu Konishi. Div. Biology, California Institute of Tech~
nology, Pasadena, CA 91125.

The influence of sound location on the responses of auditory
neurons in the barn owl (Tyto alba) were studied using noise,
clicks, tones and FM stimuli delivered by a movable speaker
under free-field, anechoic cofditions. Three types of units
have been found: 1. space~independent, 2. space-preferring, and
3. space-dependent. Space-independent units were not selective
for sound location. Space-preferring units responded strongly
to sounds from a particular area of space and sporadically to
sounds from outside this area, but their responsive areas ex-
panded with increasing sound intensity. Space-dependent units
demonstrated well-defined receptive fields that were relatively
independent of sound intensity, expanding by less than 20° in
azimuth and 45° in elevation to a 20 dB increase in sound in-
tensity. The typical receptive field was vertically elongate,
although some circular and irregular fields were found. The
smallest receptive fields subtended as little as 8° in azimuth
and 20° in elevation. Just as with space-preferring units, the
vigor of space-dependent unit responses increased as the sound
stimulus approached the center of their receptive fields.

A1l three unit types were found in the telencephalon (space-
preferring > space-~independent > space-dependent). In contrast,
only space-dependent units with small receptive fields were
found in a small region of the midbrain. These units all shared
similar characteristic frequencies (5.5-8.5 KHz) and responses
to noise and click stimuli. The single attribute found, in
which they differed, was the location of their receptive fields
which moved systematically as a function of electrode position.
These response properties argue strongly for this midbrain re-
gion being involved in sound localization. Furthermore, the
distribution of receptive fields in this midbrain region was
heavily biased toward a limited area directly in front of the
owl, suggesting that within this frontal area of "expanded
representation" the owl attains maximal spatial acuity.
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DIFFERENCES IN THE CAT. S. Kuwada¥ T.J. Buunen?¥ J. Syka¥ and
R. Wickesberg* (Spon. H. Sobkowicz) Dept. of Weurophysiology,
Univ. of Wisconsin Med. School, Madison, Wisconsin 53706.

Several studies have reported the existence of inferior
collicular neurons whose responses vary cyclically as a function
of interaural time delay. The interval between peaks of this
cyclic function equals the period of the stimulating frequency.
Many of these cells repond maximally or minimally to a specific
time delay independent of the stimulating frequency or intensity.
Neurons which have the above properties are said to exhibit
"characteristic delay". The present experiment describes a
population of inferior collicular neurons which display cyclical
properties but for which the interaural time delay resulting in
maximal firing changes as a function of frequency and intensity.
A computer system was employed for stimulus generation and data
collection. Our protocol was as follows: 1) Isolation of a
unit that responds cyclically to interaural time delays. 2)
Binaural presentation of pure tones of the same frequency and
intensity while varying the interaural time delay. Both the
ipsilateral and contralateral stimuli were systematically
delayed covering two periods of the stimulating frequency in
steps of no more than .1 of a cycle. This procedure was cont-
inued until the frequency range of a particular cell was
adequately sampled for a given SPL level. For any particular
presentation the stimuli to both ears were identical in frequency
and intensity. 3) Time permitting, we set several intensity
differences between stimuli and repeated the time delay
sequences. 4) Finally, monaural and binaural response areas
were determined. A1l the units studied displayed a frequency
related delay: more specifically, the maximal response of a
neuron occurs at delays which were an orderly function of
frequency. Within this population, there was a small number of
cells which responded optimally to a particular phase difference
between the binaural stimuli across frequencies. We termed such
a response "characteristic phase". The interaural delay
resulting in maximal firing could be shifted as much as 1/5 of a
period as a function of intensity difference between the
binaural stimuli.

We conclude that: 1) The delay eliciting maximal firing
can be frequency dependent; 2) ‘For some cells, the maximal
response occurs at a particular phase difference independent of

- frequency; 3) Interaural intensity differences at a given
frequency can shift the delay at which maximal response occurs.

Supported by HIH grants NS 07026, NS 12732, and Netherland
Organization for the Advancement of Pure Research (Z.W.0.), and
Czechoslovak Academy of Sciences.

AUDITORY DYSFUNCTION FOLLOWING HUMAN HEAD INJURY: EVALUATION OF
MONAURAL VERSUS BINAURAL AUDITORY FAR FIELD POTENTIALS. Barbara
White Navari*, Richard P, Greenberg and Donald P. Becker. Div.
of Neurosurg., Medical College of Virginia, Richmond, VA 23298.

To determine the accuracy with which auditory far field evoked
potentials (Jewett, Brain 94:681-696, 1971) could localize audi-
tory system dysfunctIon In comatose head injury patients we ob-
tained both monaural and binaural auditory far field potentials
from 33 patients with severe head trauma and correlated the
evoked potential data with the patients clinical auditory status
3 months or more after head injury. (Greenberg, J. Neurosurg.
46, 1977). All patients were unresponsive when studied (mean
day 3 post-injury) and the presence or absence of auditory dys-
function was clinically unknown. When the auditory far field
data was evaluated it was mnoted that the evoked potentials
generated by monaural stimulation of the ears significantly as-
sociated with the presence or absence of auditory dysfunction in
the 33 patients (p<.001; Fisher's Exact Test) while the auditory
far field evoked potentials generated with binaural stimulation
did not. Therefore, the monaural and binaural evoked potential
data were examined to determine the basis for this disparity.

If the waveforms and latencies of the first VII positive po-
tentials generated after monaural stimulation of the left and
right ear were similar the data generated by binaural stimulation
correlated with the presence or absence of auditory dysfunction
in the patients. However, when latency differences were present
after monaural stimulation, comparing the left to the right ear,
the binaurally produced data in the same patient did not cor-
relate with auditory dysfunction. Latencies of the binaural far
field potentials in these cases were found to have intermediate
values between the latencies of each ear stimulated monaurally.
For example, stimulation of one patients' left ear produced a
wave V latency of 6.7 msec while the wave V latency following
right ear stimulation was 5.8 msec. With binaural stimulation
wave V latency in this patient was 6.2 msec.

These data suggest that binaural stimulation is unnecessary
for adequate evaluation of auditory function following head
injury and that it may actually be misleading. (Supported by
N.I.H. grant NS 12587 and a Southern Medical Association
Training Grant).
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CLICK-EVOKED NEAR- AND FAR-FIELD PNTENTIALS AND MULTIPLE UNIT
ACTIVITY RECORDED FROM MONKEY SUPERIOR TEMPORAL PLANE AND SUB-
CORTICAL STRUCTURES. Alan D. Legatt, Joseph Arezzo*, and
Herbert G. Vaughan, Jr.* Dept. of Neuroscience, Albert Einstein
College of Medicine, Bronx, New York 10461

Short latency far-field click-evoked potentials have been re-
corded in several species, including man. Based in part on depth
studies in cat and rat, these potentials are believed to reflect
neuronal activity in subcortical structures which precedes corti-
cal activation. We examined this issue in the primate by intra-
cranial mapping of gross potentials in monkeys, and by comparison
of the far-field activity to the near fields and multiple unit
activity generated in the primary auditory cortex.

Following 100 usec 95 dBSPL peak clicks delivered at 10 per
second monaurally to the anesthetized monkey, a series of seven
positive deflections are seen at the vertex (reference = mastoid
ipsilateral to the stimulated ear) which resemble the human far-
field potentials, although with a shorter time course. The peak
latencies are 1.6, 2.6, 3.4, 3.8, 4.4, 6.1, and 7.8 msec. Other
electrode placements give complex waveforms which may have addi-
tional peaks; topographic analysis of these data provides infor-
mation about the locations and orientations of the generators.

Of the seven waves recorded at the vertex, the first five pre-
cede activity in the superior temporal plane, and can be recorded
in the vicinity of the Tatter structure as far fields. Topo-~
graphic analysis confirms that these are generated in subcortical
structures; amplitude increases of greater than 300-fold are seen
as the recording electrodes are moved from the vertex through the
brain stem. Inferences about the sources of the latter two com-
ponents are more difficult, however, as they overlap in time with
fields generated in the superior temporal plane. Brain stem
structures show activity patterns which begin with latencies as
short as those of the far-field potentials but continue well into
the cortical response.

Multiple unit activity recorded in the superior temporal plane
remains at the prestimulus baseline level until 5.0 msec after
the stimulus, when it begins to increase sharply. [t peaks at
5.8 msec at a level 22% above baseline, and then declines, almost
reaching the baseline at 6.1 msec. Subsequently the multiple
unit activity increases to more than twice the baseline level,
followed by a decline to below baseline. The initial increase in
multiple unit activity, which partially overlaps the sixth wave
of the early evoked potential, may represent geniculocortical
activity as well as the initial activation of cortical neurons.

(This work was supported by training grant #5T5-GM-1674 from
NIGMS and by grant #MH06723 from NIMH.)

A COMPARATIVE SCANNING ELECTRON MICROSCOPIC STUDY OF THE
OTOLITHIC ORGANS IN FISHES. Arthur N. Popper. Lab. of
Sensory Sciences and Dept. of Zoology, University of Hawaii,
Honolulu, Hawaii 96822.

Investigations have been conducted on the hair cell orienta-
tion patterns of the otolithic organs in the ears of more than
30 species of fish. Species were selected for study on the
basis of diversity in acoustic behavior, habitat, and taxonomic
relationship.

Inter-specific variation in hair cell orientation pattern is
wide, particularly in the presumed auditory regions, the
sacculus and lagena. Considerably less inter-specific variation
is found in the utriculus where the patterns are very similar to
those found in tetrapods.

In most non-ostariophysines (species not having a direct
mechanical coupling between the swim bladder and inner ear) the
sacculus is divided into four 'regioms' with all of the hair
cells in’ each region oriented in the same direction. Generally
the cells on the dorsal side of the posterior half of the
saccular macula are oriented with the eccentrically placed
kinocilium on the dorsal side of the cell while the cells on
the ventral side of the posterior half of the macula are oriented
ventrally. Cells on the anterior half of the macula are divided
into two groups, one oriented anteriorly and one posteriorly.
The relationship between the anteriorly and posteriorly oriented
groups varies considerably in different species. There is also
considerable inter-specific variation in the relationship
between the sensory region and overlying otolith, with the
otolith, in many species, not covering the whole sensory area.

The hair cells on the lagena are generally divided into two
groups oriented in opposite directions. The relationship
between these groups varies in different species, but variation
is not as extensive as in the sacculus.

The functional and taxonomic significance of the diversity
of hair cell orientation patterns among fishes is not yet clear.
However, it is possible that the different patterns relate to
inter-specific variation in the method of sound detection and
initial processing of acoustic signals. It is also likely that
fishes can perform detection of sound source direction (sound
localization) and the hair cell patterns may have evolved in
relationship to such mechanisms in at least some non-ostario-
physines. Thus the different patterns, particularly in the
sacculus, may represent different approaches taken in the
evolution of various teleosts for making maximum use of sound
directional information. (Supported by NINCDS and the Deafness
Research Foundation.)
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AN ORDERLY FREQUENCY REPRESENTATION IN THE POSTERIOR ECTOSYLVIAN
SULCUS OF THE CAT. Richard A. Reale and Thomas J. Imig*. Dept. of
Neurophysiology, Waisman Center on Mental Retardation and Human
Development, Univ. of Wisconsin, Madison, Wis. 53706.

On the basis of electrophysiological and cytoarchitectural
evidence the auditory cortex of cat has been divided into a
primary field (Al) and several surrounding secondary fields.
These auditory fields are not confined to the gyral surfaces but
are also located within the three major sulci in this region. We
have undertaken a microelectrode investigation of one secondary
area which we call the posterior field (P). P lies on the banks
of the posterior ectosylvian sulcus (PES) where it is bordered
dorsorostrally by Al. This field covers approximately 40 mm?
of cortical 'surface, an area nearly equal to that occupied by Al.
Electrode penetrations directed into both the anterior and
posterior banks of the PES were aligned nearly paralle] to these
sucal walls. The responses of single neurons or neuron clusters
to tone pips were studied at. intervals of 300 micron or less.
Best frequencies, latencies of responses at several stimulus
intensities and occassionally binaural interactions were
determined at each location. These data together with the
histological reconstruction of each animal's brain revealed a
complete and orderly frequency representation in P. Low frequen-
cies in this field are located dorsorostrally contiguous with the
lTow frequency representation in Al. High frequencies in P are
located caudoventrally occupying a portion of the posterior bank
of the PES and often extending upon the posterior ectosylvian
gyrus. Thus the frequency organization of P is a mirror image
of the frequency organization in Al. Often isofrequency contours
extend from the posterior bank of the PES across the bottom of
the sulcus onto the anterior bank. In the anterior and middle
portions of P, neuronal responses to near threshold stimulation
consist of a short latency {(15-30 msec) burst of firing confined
to a restricted frequency range. In the posterior portion of P,
responses latencies of 50-150 msec are often seen in addition to
the short latency component. These long latency discharges occur
over a broad range of the frequency spectrum, making a determina-
tion of best frequency difficult or impossible. Supported by
NIH Program Project Grant .NS-12732, Core Grant HD-03352,
Postdoctoral Fellowship NS-05459-01 and NSF Grant BNS 76-19893.

STRIA VASCULARIS PATHOLOGY AND RECOVERY FOLLOWING NOISE EXPOSURE.
P.A. SANTI AND A.J. DUVALL*. Dept. Otolaryngology, Sch. Med., U.
Minn., Minneapolis, MN 55414,

Duvall et al,, 1974 (Ann. Oto-Rhino-Laryng. 83: 498) pre-
viously described stria vascularis pathology and recovery follow-
ing a noise exposure of 700-2800 Hz at 123dB SPL for 15 min. The
purpose of this research was to obtain quantitative data on the
time course of stria pathology and recovery following 1 or 2
equivalent noise exposures. The second noise exposure was given
28 days after the first when stria morphology appeared to have
returned to normal.

Sixty-one chinchillas were noise exposed and their right
cochleae processed for transmission electron microscopy at sacri-
fice times of 0,3,6,24 hr, 3,7,10,14,28 days following the noise
exposures. Each cochlea was bisected mid-modiolar and a segment
of the stria removed from each of the three cochlear turns.

Stria damage, consisting primarily of intercellular edema, was
measured, using a light microscope eyepiece micrometer, from 2 um
epon sections. The results of these data are shown in the figure
below. Although both noise exposures were equivalent and stria
morphology appeared normal before the second noise exposure was
given, stria edema was significantly less after the second noise
exposure, Twenty eight days after the second noise exposure
stria thickness had still not returned to normal. An additional
group of animals were sacrificed 57 days post second exposure

and showed that stria thickness was slowly returning to normal.

Six chinchillas have also been injected i.v. with horseradish
peroxidase (Sigma type II, 0.1 mg/g body weight) to demonstrate
stria blood vessels. These animals were sacrificed three days
following a single noise exposure. Surface preparations revealed
that stria damage was 1) diffusely distributed, 2) began in the
lower basal turn near the supra strial region, and 3) progressive-
ly increased towards the cochlear apex. Presently, thin sections
of selected tissues are being examined electron microscopically.

09 st noise exposure
= 00 2nd noise exposure
a
= ——— control

L " " 1
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THE ROLE OF AFFERENT FIBER SYSTEMS ON THE DEVELOPMENT AND
DIFFERENTIATION OF THE INFERIOR COLLICULUS. D.K. Ryugo.
Dept. Anatomy, Univ. Vermont, Burlington, V+ 05401.

The present study investigates the role played by afferent
fiber systems in the formation and differentiation of the nuclear
subdivisions within the inferior colliculus(IC) of the rat. It
has previously been reported that deafferentation of the central
nucleus(CN) of the IC on post-natal day I(PN |) produces a
delamination of the CN principal neurons and their dendrites, a
shrinkage in CN volume and an apparent expansion of the peri-
central nucleus(PcN)(Killackey and Ryugo,Anat.Rec.,187:624,1977).
Deafferentation of PcN was performed by auditory cortex ablations
on PN | in an attempt to detect shrinkage in PcN with a corres-
ponding expansion of CN; however, no effect on either PcN or CN
was observed following such lesions. Golgi examination of CN on
PN | showed the presence of lateral lemniscal fibers and a lamin-
ar arrangement of the immature principal neurons and their den-
drites; electron microscopy at this age revealed only the start
of synaptogenesis within the neuropil. In the adult, Fink-Heimer
analysis following spinal cord hemisections, dorsal column
nucleus lesions and auditory cortex ablations revealed terminal
degeneration converging in PcN and the exfernal nucleus(XN). A
small amount of degeneration was also observed in CN. Sections
of the IC commissure resulted in heavy degeneration in the dorsal
medial nucleus(DM),PcN,XN and the dorsal portion of CN; the ven-
tral portion of CN was entirely free of commissural projections.
Sections of the lateral lemniscus produced heavy degeneration in
CN, moderate degeneration in DM,PcN and XN, and sparse degener-
ation in the contralateral DM,PcN and XN.

These observations prompted the following conclusions: 1) the
principal neurons and their dendrites of CN are oriented in a
laminar pattern as early as PN |; 2) CN lamina initiation does
not appear to be dependent upon synaptic contacts; 3) the main-
tenance of CN lamination does depend upon the presence of lateral
lemniscal fibers, at least for the age group studied; 4) since
the entire CN is laminated, the differential distribution of
commissural afferents within CN indicates that they probably do
not play a crucial role in the formation or maintenance of the
laminae; 5) the lack of shrinkage in PcN following auditory
cortex ablations may be attributable to the sustaining influence
of the remaining fiber systems.

(Supported by UVM Research Development Award)

NON-PRIMARY AFFERENTS IN THE ROSTRAL AVCN OF THE GUINEA
PIG. A.M. Schwartz* and R.L. Gulley (SPON: K.E. Alley). Dept. of Ana-
tomy, Case Western Reserve University, Cleveland, Ohio 44106.

About 50% of the soma of the principal cell of the rostral anteroven-
tral cochlear nucleus (AVCN) in the adult guinea pig is covered by large,
primary terminals, the end bulbs of Held. In addition to the end bulb, 3
other axosomatic boutons have been identified in thin sections and freeze-
fracture replicas. These boutons are non-primary, since all 3 types have
been identified in animals 30-days following complete unilateral cochlear
ablation, when all end bulbs have degenerated. Four percent of the prin-
cipal cell soma is covered by small, angular boutons which often occur
singly. Typically, these boutons are not surrounded by glial processes.
These boutons contain small, round synaptic vesicles. The long, flat sy-
naptic junction is undistinguished except for symmetric densities lining
the cytoplasmic surface of the membranes. These boutons are more com-
monly found forming axo-dendritic synapses in the neuropil. About 12%
of the soma is covered by small to medium-sized boutons containing oval
synaptic vesicles. Single boutons of this iype are isolated on the soma
by astrocytic processes. In freeze-fracture replicas, each of these bou-
tons has one to three crescent-shaped synaptic junctions. Accordingly,
the size and shape of the junctions in thin sections is variable. The cyto-
plasmic density lining the postsynaptic membrane at the synaptic junc-
tions is slightly thicker than the corresponding region of the presynaptic
membrane. About 6% of the soma is covered by small boutons containing
distinctly flattened synaptic vesicles. These boutons frequently occur in
clusters which are ensheathed by astrocytic processes; however the indi-
vidual boutons within the cluster are not separated by glial processes.
These boutons have a flattened, oval-shaped synaptic junction. In thin
sections, the cytoplasmic surface of the membranes at the synaptic junc-
tion are lined symmetrically by dense material. In freeze-fracture re-
plicas, there is no specialization of the post-synaptic membrane opposite
any of the non-primary boutons. Boutons containing flattened vesicles,
in animals kept in a sound deprived environment for one hour prior to
sacrifice, have a greater number of synaptic vesicle attachment sites,
indicative of synaptic vesicle release, than these boutons in animals in
a noise enriched environment. This observation suggests that this popu-
lation of terminals on the principal cells may be active in the absence
of sound. Since the other non-primary terminals can be easily distin-
guished using the criteria described above, it is hoped that further studies
using the freeze-fracture technique under well defined physiological con-
ditions, will elucidate the role of the other inputs to the principal cell
of the rostral AVCN.
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OTOTOXICITY AS MEASURED BY THE AUDITORY BRAINSTEM RESPONSE AND

THE SCALP RECORDED COCHLEAR MICROPHONIC IN GUINEA PIGS. Vincent
L. Schwent*, John S. Williston, and Don L. Jewett (SPON: A.S.
Gevins). Dept. Ortho. Surg., Sch. Med., UCSF, San Francisco,
CA. 94143.

The ability of the ABR (Auditory Brainstem Response) and
the SRCM (Scalp Recorded Cochlear Microphonic) to reflect the
ototoxic effects of kanamycin sulfate (s.c.) was assessed using
adult guinea pigs. Twenty-one albino guinea pigs were studied
with one third receiving 400 mg/kg/day for 7 consecutive days,
one third receiving 200 mg/kg/day for 14 days and the remaining
third receiving no drug. ABRs were recorded from vertex to stim-
ulated ear by standard response-averaging methods using 50usec
clicks at 40 and 80 dBSPL at both 10 and 80 Hz repetition rates.
Responses were obtained before, during and after drug adminis-
tration with recording from most animals continuing for at least
2 months after the kanamycin treatment. At the termination of
the study additional intensities were also recorded. SRCMs were
continuous pure tones were recorded from the vertex referenced
to the neck or throat by a special modification of our averaging
techniques (see Neuroscience Ab. 2:25, 1976). SRCMs were obtain-
ed to 500 Hz (90 dBSPL), 2 KHz (90 dBSPL) and 8 KHz (90 and 100
dBSPL) with continuous tones. Hair cell counts of representative
cochleas are pending. ’

Several guinea pigs in both the high dose (400 mg/kg) and low
dose (200 mg/kg) groups evidenced varying degrees of change in
the ABRs after kanamycin administration, usually by increased
component latencies. The time course of these latency increases
and their interaction with stimulus intensity produced widely
varying patterns of auditory system change among those animals
evidencing ototoxicity. The relative amplitude of the SRCM to
the three frequencies of tonal stimulation showed differential
frequency effects in some animals. The implications of employ-
ing the ABR and SRCM, to monitor ototoxicity in non-communicative
patients receiving potentially ototoxic drug (e.g. premature
infants) and in animal studies on the effects of such drugs will
be discussed.

Supported by the Bank of America-Giannini Foundation and
NIH Grant HD 07991.

MAPPING OF THE TONOTOPIC ORGANIZATION OF THE AUDITORY SYSTEM
BY UPTAKE OF RADIOACTIVE METABOLITES. M.S. Silverman*,
A.E. Hendrickson, B.M. Cloptonf Dep't of Otolaryngology and
Opthalmology, Univ. of Washington, Seattle, Washington 98195.
Recent studies have shown that neuronal activity within
the central nervous system is closely associated with the uptake
of deoxyglucose (DG) (Kennedy et al, PNAS, 1976). We have
used this association in conjunction with autoradiographic
techniques to study tonotopic organization within the auditory
system. Pentobarbital-anesthetized rats or guinea pigs were
exposed to a pulsed tone for_45 minutes following an intra-
;venous injection of Cl4 or H’-DG. Immediately following
exposure to the tone the brain was removed and frozen in
liquid nitrogen-chilled freon and sectioned at 10u in a
cryostat maintained at -20°C. The sections were heat-treated
and autoradiographed using X-ray film. Examination of the
autoradiographs revealed distinct, localized variations in
silver grain density throughout the auditory nuclei. These
regional variations of grain density and their relative
positioning in a given auditory nucleus are dependent on the
exposure tone frequency used following the DG injection. In
addition, the autoradiography patterns agree with classical
tonotopic mapping as determined by electrophysiological
techniques. The use of radioactively labeled DG in
conjunction with autoradiography can produce a pictorial
and spatial representation of the tonotopic organization of
the auditory system that is a powerful alternative to
electrophysical technigues, The localization of C 4 pG in
central auditory nuclei will be compared with autoradiographic
labeling of auditory pathways after injection of H” amino acids.
(Supported by grants EY01208 and NS13052-02) .
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BIOLOGICAL ASSAY, William F. Sewell and Paul S. Guth¥*,
Pharmacology, School of Medicine, Tulane University, New
Orleans, La, 70112

The junction between the auditory hair cells and the primary
afferent nerve has the morphological and electrophysiological
characteristics of a chemically transmitting synapse., Although
several candidates, including gamma-aminobutyrate and acetyl-
choline, have been put forward as the primary transmitter (PAT)
of audition, none has been supported by the evidence. On the
contrary, there is evidence that acetylcholine is not the PAT.
Unsuccessful attempts at blocking transmission at this synapse
with standard pharmacological antagonists have led to the con-
clusion that the PAT may not be one of the standard transmitters,
Consequently, a research strategy which could detect the pre-
sence of the transmitter, even though its identity was unknown,
was required in order to allow purification and characterization
of the transmitter, Frogs were immobilized with d-tubocurarine
and the posterior branch of the VIII nerve and the perilymphatic
sac surgically exposed. Single unit activity in VIII nerve
fibers from the basilar or amphibian papillae was monitored and
the units identified by their characteristic frequencies, The
frogs were stimulated with white noise or kept in silence while
the perilymphatic space was perfused by a push-pull cannula con-
taining artificial perilymph., The collected fluid was then re-
infused in silence and the firing pattern of the single unit
fiber was monitored and recorded., 1In several instances, the
reinfusion in silence of fluid collected during white noise
stimulation resulted in an increase in the firing rate of the
single unit being investigated. By this means, the PAT can be
collected and attempts at concentration and purification can be
monitored by following the effect upon the firing rate of VIII
nerve single units, (This work was supported by Grant 71-6
from the Veterans Administration),

Dept.

DENDRITIC STRUCTURE IN N. LAMINARIS OF THE CHICKEN. D. J.
Smith* and E. W Rubel, Depts. of Otolaryngology and Physiology,
Univ. of Virginia dedical School, Charlottesville, VA., 22901.

In the avian brain stem, n. laminaris (NL) is composed of a
monolayer sheet of 3rd-order auditory neurons receiving spatial-
ly segregated binaural input from corresponding regions of the
ipsilateral and condralateral magnocellular nuclei. Previous
studies have described the functional and structural organiza-
tion of inputs to NL as well as its tonotopic organization.
The present investigation examines the normal morphology of NL
cells as a function of their position along the tonotopic di-
mension of the nucleus in 5-day-old hatchling chickens. Rapid
Golgi, Golgi-Cox and Golgi-Kopsch methods were used, the latter
providing the most reliable impregnation with little background
staining. In the anteromedial portion of NL, which is respon-
sive to high frequencies (2.5-4 kHz), many (16+) short, stubby,
unbranched dendrites extend about 16u from each side of the cell
body, giving it a two-sided "thistle" appearance. In the central
(1.5-2.5 kHz) region, similar cells have fewer (10-16) primary
dendrites which extend further (33u) from the cell body and are
more branched. Toward the posterior pole (below 1.5kHz), 3-8
longer processes branch profusely after extending 50-80u from
the cell body. Quantitative analyses of dendritic lengths were
made of 81 neurons sampled from all parts of NL. Camera lucida
tracings made down the center of each individual dendritic pro-
cess were measured with an electronic planimeter. Dorsal, ven-
tral and total dendritic lengths were related to the position of
the cell within the rostrocaudal and mediolateral nuclear dimen-
sions. Regression analyses yielded a highly reliable (p<.001)
2.5-fold increase in dendritic lengths from the anteromedial to
the posterolateral pole of NL. Mean dorsal and ventral dendri-
tic lengths over nuclear regions were also highly correlated
(r= .62). These results indicate that there is a systematic
variation of dendritic morphology coincident with the tonotopic
organization of NL. In addition, there is surprising uniform-
ity of dorsal and ventral dendritic lengths within each region
of NL.

Supported by NSF Grant #BNST6-03006, funds from the Deafness
Research Foundation and NIH fellowship #1 F31 MHO59L9.
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TIME DOMAIN ANALYSIS OF SINGLE UNITS IN THE INFERIOR COLLICULUS.
E. E. Sutter, H. L. Hosford* and B. Dawson*. Hearing and
Speach Sciences, Stanford Medical Center, Stanford, CA 94305.
The technique developed by Lee and Schetzen (Int. J. Control
2: 237, 1965) for the determination of transfer characteristics
was employed in a study of the response of single units in the
inferior colliculus. Recordings were obtained from three
chronic awake cats binaurally stimulated with uncorrelated
Gaussian white noise. So far, only first order processing
has been performed on the data. The first order correlation
provides information concerning latencies, "memory", and
tuning. Since the response is a spike train, the first order
correlation is represented by the spike locked average of the
noise stimuli. Averages of the input ‘signals to the ipsilateral
and contralateral ear over approximately 10,000 spikes were
obtained for each unit. For 75% of the cells these averages
agreed well with tuning curves obtained by means of pure
tone bursts. The absence of strong signal averages for 25% of
those cells which responded strongly to tone bursts suggest
poor phase-locking of the spikes. In those cases, higher
order analysis of the data can be expected to yield valuable
information.

BRAINSTEM PATHWAYS MEDIATING HEAD ORIENTATION TO
SOUND. G. C. Thompson and R. B, Masterton. Dept.
Psych., Florida State Univ., Tallahassee, Fla. 32306.

The neuroanatomical pathways responsible for the
reflexive head-turn toward the source of an unexpected
sound have been traced with the ablation-behavior
method. Postoperative measurements of latency and
accuracy of the orienting response have been made in
cats with unilateral lesions of either the lateral
lemniscus and pathways medial and rostral to it, the
brachium of the inferior colliculus, the midbrain
pathways lying medial and ventromedial to the brachium,

the superior colliculus, or auditory cortex.

The results show: 1) lesions transecting the later-
al lemniscus and nearby pathways (e.g., the dorsal
acoustic stria) completely abolish head orientation
toward a sound source in the contralateral auditory
field; 2) lesions confined to the lateral lemniscus
itself disrupt the accuracy of alignment toward a
contralateral sound source without affecting the la-
tency or direction of the response; 3) lesions at the
level of the brachium of the inferior colliculus in-
cluding the pathways medial and ventromedial to it
abolish the accuracy of the orienting response toward
the contralateral field and lengthen the latency of
the response; 4) lesions confined to the brachium of
the inferior colliculus and the pathways medial to it
have little effect-on the orienting response except
to increase its latency bilaterally; 5) lesions of
the superior colliculus including its deepest layers
that completely abolish head-orientation to a visual
stimulus do not affect head-orientation to a sound
stimulus; 6) lesions of auditory cortex including the
most ventral auditory fields reduce the probability
but not the parameters of orientation to sound in the
contralateral field. Comparisons of midbrain lesions
that affect the accuracy of orientation with lesions
in the same vicinity that do not affect orientation
suggest a critical pathway through the midbrain teg-
mentum ventromedial to the brachium of the inferior
colliculus and ventral to even the deepest layers of
the superior colliculus. (Supported by NIH:NS-7726)
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PERCEPTUAL CONSTANCY FOR VOWEL CONTRASTS IM NORMAL AND
LANGUAGE DELAYED CHILDREN. P. Tallal* and R.E. Stark*

(SPON: M.S. Preston). Dept. Neurol., Johns Hopkins Med. Sch.
Baltimore, MD 21205.

The ability to generalize phonemes across various vocal
tracts is an essential aspect of normal speech perception.
The child must Tearn that, although acoustically different,

a speech sound produced by different individuals is still the
same speech sound. Kuhl (1976, JASA, 60, S90A) has recently

demonstrated that infants as young as six months old are

able to generalize phonetically similar speech sounds across

various size vocal tracts.

Ten children 7% to 8% years old with specific developmen-
tal language delay and ten normally developing children
matched for age, I.Q and socioeconomic status were nresented
with the vowel /a/ spoken by a man, a woman and a child.
Subjects were trained to nress the bottom button on a response
panel to each presentation of this vowel, regardless of
which speaker produced it. Next, subjects were presented with
the vowel /€&/ spoken by the same man, woman and child and
trained to press the top button on the response panel to each
presentation of this vowel. Finally subjects were presented
with the two vowels produced by the three different soveakers
in random order and they were required to press the appropriate
button on the response panel. No verbal instructions were
given at anytime to any of the subjects. Knowledge of results
and correction of errors were given and correct resnonses were
rewarded after each trial until a criterion of 20 out of 24
consecutive trials correct had been reached or 48 trials had
been given.

Results showed that there was no significant difference
between the language delayed and normmally developing children's
ability to learn to press the appropriate button for each
vowel when they were produced by a single speaker. Thus, both
groups of children were able to discriminate between the two
vowels and learn to associate them with the correct button.
However, when the same vowels were produced by various sneakers
and presented randomly the performance of the two groups was
significantly different (p< 0.05). Whereas nine out of ten
of the normally developing children learned the concent
underlying this task and reached the criterion within the 48
trials given, only four out of ten of the language delayed
children were able to meet this criterion. The importance of
perceptual constancy for normal language development will be
discussed.

COMBINED GOLGI, HORSERADISH PEROXIDASE (HRP), AND ELECTRON
MICROSCOPIC STUDY OF BUSHY CELLS IN THE COCHLEAR NUCLEUS.
Leslie P. Tolbert and D. Kent Morest. Depts. Anat., Harvard
Medical Sch., Boston, MA 02115, and U. Conn., Farmington, CT
06032.

Golgi impregnations of the posterior part of the cat's
anteroventral cochlear nucleus (AVCNp) reveal two types of
neurons, bushy cells with short bush-like dendrites and stellate
cells with long, tapered processes; Nissl stains reveal globular
neurons and multipolar neurons with dispersed and clumped ribo-
somal patterns, respectively. The present findings indicate
that bushy cells are globular neurons that project to the contra-
lateral medial nucleus of the trapezoid body (MNTB). After HRP
injections in the MNTB or transected trapezoid body, two types
of HRP labelling were observed: diffuse and granular. In the
ipsilateral AVCNp, retrograde diffuse labelling of neurons
yielded Golgi-like profiles of bushy cells with thick axons
projecting toward the trapezoid body. Anterograde diffuse
labelling of thick fibers demonstrated typical calyced in the
contralateral MNTB. The diffusely filled bushy cells were
examined in the electron microscope to establish correlations
between ultrastructural observations and Golgi and Nissl
findings. Bushy cell bodies were found to have the dispersed
ribosomal pattern of globular neurons and to receive several
types of synaptic endings, including the large terminals indic-
ative of endbulbs from cochlear nerve axons. In the contra-
lateral AVCNp, cell bodies were labelled with a granular reac-—
tion product, presumably due to HRP uptake at synaptic endings;
they were Nissl-stained and seen to be globular neurons. It
is concluded that bushy cells typically correspond to globular
cells, which receive endbulbs from the cochlea and send thick
axons to the contralateral MNTB, where they form calyces on
principal cells. Principal cells, in turn, project to the
nucleus of origin of the crossed olivocochlear bundle, which
feeds back to the cochlea. Thus, an anatomical circuit can be
defined in terms of specific cell types and kinds of synaptic
endings at the ultrastructural level. 1In this circuit, correla-
tions between particular synaptic patterns and certain physio-
logical signal transfer characteristics are suggested.
(Supported by PHS grants NS 06115, NS 13126, GM 00406, and
MH 14275.)
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THE TEMPORAL PATTERN OF DISCHARGES ELICITED FROM LATERAL
SUPERINR OLIVE UNITS WITH ACOUSTIC STIMULATIOM. Chiveko
Tsuchitani. Sensory Sciences Center, Univ. of Texas lealth
Sciences Center, Houston, TX, 77025.

The temporal characteristics of the discharges of lateral
superior olivary units to acoustic stimulation were examined
in barbiturate anesthetized cats. Gold-plated. stainless
steel microelectrodes with platinum-blacked tips vere used to
record extracellularily from units confirmed histologically to
be Tocated within the lateral superior olive.

With monaural tone burst stimulation of the ipsilateral ear
lateral superior olive units with characteristic frequency,
(CF: the frequency to which a unit is most sensitive), greater
than 2 kHz produced discharges that were time-locked to stimulus
onset (chopper pattern). The initial peaks of the chopper-
type poststimulus time (PST) histograms of these units are
narrow and are separated by short interpeak intervals. The
chopper pattern is not maintained for the duration of a 60 msec
tone burst and may be produced by only the first 3 to 13 spikes
of the elicited discharges. The discharges following this
initial, transient chopper response may drop to very low rates,
producing an almost phasic-type PST histogram, or may be
maintained at high levels with an irregular temporal pattern.
The interspike interval (ISI) histograms of the tone burst
elicited discharges are often bimodal in distribution, with a
short interval peak formed by the initial chopper response,
and a second, longer interval peak formed by the later dis-
charges.

Increasing stimulus level increases the duration of the
chopper response and narrows the peak widths and interpeak
intervals of the chopper response. With increases in stimulus
level the two peaks of the bimodal ISI histograms become
indistinguishable and often fuse at high stimulus Tevels to
form a unimodal, symmetrical distribution. Stimulation with
tone bursts at frequencies other than unit CF elicite discharges
similar to those elicited by CF tones at Tower stimulus
levels. Simultaneous stimulation of the contralateral ear,
which is inhibitory,disrupts the chopper pattern and produces
an irregular discharge pattern.

CHANGES IN ENDOGENOUS REACTIVITY TO DIAMINOBENZIDINE IN BRAIN
STEM AUDITORY NUCLEI SUBSEQUENT TO THE "SILENCING" OF THE
AUDITORY NERVE. Margaret Wong-Riley, Michael M. Merzenich*
and Patricia A. Leake*. Dept. Anat. and Coleman Lab., Univ.
Calif., San Francisco, Ca. 94143.

In previous studies (Wong-Riley, Brain .Res., 108 (1976) 257-
277, and unpublished observations), neurons and/or neuropil in
various relay nuclei of the auditory pathway (cochlear nuclei,
superior olivary nuclei, nuclei of the Tateral lemnisci, inferior
colliculi) were found to be highly reactive to the diaminobenzi-
dine-H202 medium at pH 9.0. This was interpreted to be due
largely to a higher concentration of heme-enzymes, most likely of
the cytochrome system, within these regions. In order to test
the possible relationship of such oxidative enzyme activity to
the functional state of these nuclei, experiments were carried
out in cats whose auditory nerves were uni]atera]]% "silenced"
for periods of 1-10 months. These cats (implanted’with long
silastic scala tympani inserts; Schindler and Merzenich, Ann.
Otol. Rhinol. Laryngol., 83 (1974) 202-216) were totally deaf in
one ear, while the auditory nerve fibers of that side were deter-
mined histologically to be largely intact. When the brain stems
of these cats were reacted with the DAB-H202 medium, neurons or
neuropil that received their major excitatory input directly or
indirectly from the deaf ear exhibited decreased reactivity.
Thus, the Tevel of reactivity was significantly reduced within
both neurons and neuropil of the ipsilateral anteroventral and
posteroventral cochlear nuclei, and of the ipsilateral lateral
superior olives (which receive excitatory input from the ipsi-
lateral ear, and inhibitory input from the contralateral ear).
Neurons of the contralateral medial nucleus of the trapezoid
body, and neuropil of the contralateral ventral nucleus of the
lateral lemniscus and at least the caudal (monaural) portion of
the contralateral central nucleus of the inferior colliculus
also exhibited markedly reduced reactivity. By comparison, there
was relatively Tittle difference in reactivity between the dorsal
cochlear nuclei, the medial superior olives (which receive
excitatory input from both ears) and the dorsal nuclei of the
lateral lemnisci of the two sides.

The decrease in presumed oxidative enzyme activity within
major auditory nuclei seen to the level of the midbrain in uni-
laterally deafened cats reflects a sensitive response of neurons
to the elimination of their primary excitatory input(s) one to
several synapses away.

(Supported by NIH Grants NS-12995, NS-11804 and NS-10414).
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AUDITCRY NEURONS OF THE MOUSE SELECTIVELY RESPONSIVE TO LONG
DURATION STIMULI, James F., Willott and Gregory P. Urban¥*,
Psychol., Northern Illinois Univ., DeKalb, Ill. 60115.
Obvious means by which the auditory system could encode the
duration of acoustic stimuli are the duration of sustained evoked
discharges and phasic on-off responses signalling the beginning
and end of a stimulus. Both involve changes in neural activity
closely following the onset and termination of the stimulus. In
addition to these, we have observed a different type of response
in neurons of the mouse inferior colliculus (IC)., These res-
ponses had latencies of 100 msec to over 200 msec and required
tone bursts of such relatively long durations in order to signifi-
cantly respond. In a sample of more than 300 IC neurons of mice
tranquilized with chlorprothixene and only minimal barbiturate,
8 units of this type were observed. None appeared to be located
in the ventrolateral (central) nucleus. Since optimal responding
required stimuli of particular minimal durations, these units
appear to "filter" out short duration sounds. Such responses
are fundamentally different from previously mentioned sustained
and on-off responses which follow the temporal course of stimuli
over wide duration ranges. For the units described here, rela-
tively long duration is an obligatory stimulus "feature," and
the very fact that a response occurs provides information about
duration.

Dept.

44 THE ANATOMIC AND ELECTRONIC FACTORS IN THE PRODUCTION OF COCHLEAR

MICROPHONICS OR THE WEVER-BRAY PHENOMENON. M. Wharton Young*,
Emeritus Professor of Anatomy, (SPON: James A. Holloway). Howard
University, College of Medicine, Washington, D.C., 20059

When Wever and Bray first demonstrated the cochlear microphonic
effects in 1930, they theorized that the anatomical basis for
this physiological activity was "..a cochlear structure acting
as a special receptor and transmitter" hence a true microphone.
Numerous studies have reconfirmed these electrical effects, even
in the post-mortem state but the anatomic and the electronic
bases have remained somewhat obscure and speculative. The laby-
rinthine structure of the inner ear presents many gross and mole-
cular problems. Throughout the prenatal period, the amniotic
fluid exerts a constant and equal pressure on the developing or-
gans which approximates that of the cerebrospinal fluid of the
mother. After birth, the persons own cerebrospinal fluid pressure
upon the endolymphatic sac is transmitted through its duct to bal-
loon the membranous labyrinth and force (propel) its endolymph a-
cross the ultra thin vestibular (Reissner's) membrane into the
perilymphatic space thus generating a streaming membrane poten-
tial, DC. The perilymph does not drain through its duct into the
subarachnoid space but this duct ends in a terminal 'perilympha-
tic sac' similar to the endolymphatic duct and sac. This newly
discovered sac lies in the jugular fossa above the carotid sheath
The perilymph makes its exit through the 'fistula ante fenestram'
into the tympanic lymph channel that grooves the promontory and
drains into the tubal tonsils. The retina and organ of Corti
have a similar embryonic development and each individual hair
cell develops a protoplasmic outgrowth (projection) of a diffe-
rent length that forms a dorsal cuticular border on Corti's or-
gan that grows and expands to form the pennant-shaped tectorial
membrane attached medially to the individual auditory (Huschke's)
teeth on the limbic lip, adjacent to the highly charged vestibu-
lar membrane. Each individual hair cell with its outer tectorial
segment and 'tooth' forms a 'cochlear rod' (as retinal rods)
whose specific length renders it as a selective resonator sensi-
tive and responsive to a particular sonic frequency (cps): like
radio antennae. Chemicophysical experiments indicate that the
cytoplasmic sound-sensitive macromolecules are helical in shape
and linearly arranged hence harmonious sonic vibrations cause
ionic derangements (migration) that generate displacement poten-
tials, CM, that initiate the local nerve impulse, NP, which is
relayed to definite brain centers and specific cortical areas
(Place Theory). Obviously each one of the twenty some thousand
‘cochlear rods' is needed "..a cochlear structure acting as a
special receptor and transmitter" and is thus a transducer and
microphone.
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AUDITORY FEATURE DETECTORS IN THE CANARY FOREBRAIN AND THEIR
RESPONSE TO SONG. Malcolm D. Zaretsky®. Dept. Zoology,
Univ. of Towa, Towa City, IA 52242,

The auditory areas of the canary forebrain contains single
units which respond to various optimal stimuli: pure tones
over a narrow band, pure tones over a wide range, FM signals,
clicks. There are phasic and tonic units, on units, off units
and units which respond with long latency.

The song of the roller canary consists of several phrases in
succession, each formed by repetition of a distinctive syllable.
The spectral composition of each syllable can be analyzed by
means of the sound spectrograph. Auditory units respond to
elements of natural song which have spectral characteristics
similar to those of artificial optimal stimuli.
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46 INCREASED DEPRESSOR RESPONSES TO CENTRALLY ADMINISTERED NOREPI-

NEPHRINE & EPINEPHRINE IN SINOAORTIC DENERVATED RATS. Natalie
Alexander* and Charles K. Haun* (SPON: Bertha Newman) Depts. of
Med. and Anat., Sch. of Med., USC, Los Angeles, CA 90033.
Resection of carotid sinus and aortic depressor nerves in the
rat produces moderate, labile hypertension associated with eleva-
ted plasma dopamine beta hydroxylase activity (Life Sci. 18:655,
1976) . Intra-arterial pressure recordings from conscious sino-
aortic denervated (SAD) rats show wide oscillations of 25-50 mm Hg
lasting 2 to 5 min with superimposed large pressure dips of
1-30 sec duration. The same occurs in SAD rabbits (PSEBM 121:
766, 1966). We hypothesized that SAD not only eliminates a major
source of neural inhibition to the cardiovascular system, thereby
raising systemic pressure, but also causes a '"central denervation
supersensitivity" to neurotransmitters. To test this idea, a 23-
gauge canula extending into the fourth cerebral ventricle was
implanted 10-12 mm posterior to the bregma in adult rats. A week
later SAD or a sham operation was performed. Four to 21 days
later a femoral artery was canulated (under ether or Innovar)
and 3 hours later with the rat sitting in a restrainer, arterial
pressure (AP) and pulse rate (PR) were recorded continuously be-
fore and after intraventricular injections of 1,2,4,8 and 16 ug
(base) of l-norepinephrine bitartrate (NE) or l-epinephrine bitar-
trate (E) dissolved in saline. Each dose was in a volume of 1 ul
and injected at 10-15 min. intervals. Both amines caused reduc-
tions in AP and PR. 1In some studies a NE and E dose-response
curve was obtained in the same rat with an interval of 2-18 hrs.
between the 2 tests. If this was done with an interval of only 1
hr. between tests, responses to the second amine were clearly at-
tenuated suggesting that NE and E occupy some of the same central
receptor sites to produce AP lowering. Both NE & E caused greater
reductions of AP in SAD rats than in shams so that dose-response
curves of SAD rats were shifted to the left. In contrast, PR re-
ductions in response to NE or E were the same in both groups. SAD
rats also had greater AP reductions than shams under urethane
anesthesia where starting pressures were equal. One interpreta-
tion of these results is that pressure lability and pressure dips
in SAD rats are due to intermittent release of adrenergic amines
acting on brain stem vasomotor neurones which are supersensitive
to neurotransmitters following interruption of neural input from
baroreceptor nerves. Neurons involved in reflexes that affect
PR did not show this supersensitivity to NE or E.

Supperted by NIH Grant #HL 19251.

TONIC SYMPATHOINHIBITION OF NON-BARORECEPTOR ORIGIN. Susan M.
Barman and Gerard L. Gebber. Dept. of Pharmacology, Michigan
State Univgrsity, East Lansing, Michigan 48824.

Experiments were performed on Dial-urethane anesthetized
can.to determine whether neural inhibition of non-baroreceptor
origin functions tonically to depress naturally occurring sympa-
thetic nervous discharge (SND). The effects on renal SND pro-
duced by bilateral electrolytic lesions (5 mA for 15 sec) of the
nucleus of the tractus solitarius (NTS) and of medial medullary
structures were compared in baroreceptor intact and denervated
animals. In the intact animal, NTS lesions 1 mm rostral and 1 mm
caudal to the obex produced a significant (p<0.05) increase in
renal SND (154+13% of control) and abolished the baroreceptor
reflgx. Loss of the baroreceptor reflex was evidenced by the dis-
ruption of the phase relations between SND and the cardiac cycle.
NTS 1esions‘increased SND in only 1 of 5 cats in which the carotid
sinus, aortic depressor, and vagus nerves were bilaterally sec-
t1ongd. These results suggest that sympathoinhibitory elements
within NTS usually are not tonically active in the baroreceptor
denervated cat.

Lesions in the midline of the medulla 0-2 mm rostral to the
obex produged a significant increase in renal SND (142+11% of
control) without affecting the baroreceptor reflex in intact
cats. These lesions destroyed portions of nucleus raphe obscurus
qnd the paramedian reticular nucleus. Midline medullary Tesions
in the baroreceptor denervated cat produced an equivalent in-
crease in renal SND (161:13% of control). Section of the spinal
cord at the first cervical segment essentially .eliminated renal
SND gfter medial medullary lesions. These data support the con-
tention that inhibition mediated through midline structures in
the caudal medulla is tonically active in the absence of baro-
receptor nerve discharge and functions to suppress SND emanating
fru@ supraspinal structures. Furthermore, sympathoinhibition
mediated through midline medullary structures is transmitted
qverta pathway distinct from that which receives baroreceptor
input. .

.In contrast to the results obtained in animals with an in-
gact neurqxis, midline medullary lesions failed to produce an
increase in renal SND in baroreceptor denervated cats which were
dgcerebrated at the midcollicular level. These results suggest
either that sympathoinhibition mediated through midline medullary
structures is of forebrain origin or that the increase in SND
produced by midline lesions in cats with an intact neuraxis
emanates from forebrain structures. (Supported by PHS grant HL
13187 and by a grant from the Michigan Heart Association.)
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47 THE EFFECT OF GUANIDINE ON TRANSMISSION AT THE CHICK CILIARY

GANGLION. Floyd W. Banks. Dept. of Physiol., Univ. of Colo.
Sch. Med., Denver, CO 80262.

Guanidine hydrochloride (CH5N3-HC1) has been shown to increase
the size of the end-plate potential at the neuromuscular junction
and also to cause hyperexcitability in axons (Matthews, G., and
Wickelgren, W.0. J. Physiol. 266, 69-89, 1977). The effect of
guanidine was tested on the chick ciliary ganglion to see if the
increase in transmitter release could be accounted for by an in-
crease in amplitude or duration of the presynaptic action poten-
tial or whether the drug had an effect on the release mechanism
itself. When 0.5 mM guanidine was perfused into the bath and a
presynaptic terminal (calix) was impaled, the calix spike showed
a transient increase in amplitude and broadening and, occasion-
ally, subsequent failure. This failure was probably due to a
measured decrease in input resistance of the calix which en-
hanced the impedance mismatch between the small presynaptic axon
and the large caliciform terminal. When the ganglion cell was
impaled and guanidine applied, there was an increase in average
amplitude of evoked e.p.s.p.'s. To test if this increase was
associated with the broadening of the presynaptic spike, only
ganglion cells with coupling potentials were impaled. After re-
cording control e.p.s.p.'s, guanidine (0.5 mM) was perfused into
the bath. Records were taken one every 4 sec for at least 5 min
A graph of the average amplitudes of the electrical coupling
potential and chemical e.p.s.p. showed that the increase in chem-
ical transmission preceded any changes in electrical transmission
by 2.0 - 2.5 min. The time course of the change of electrical
transmission closely followed the time course of broadening of
the presynaptic spike when the calix was impaled directly. Am-
plitude histograms were made of evoked responses in control
solution and in guanidine. The mean amplitude of the responses
was larger and the coefficient of variation smaller in the guan-
idine solution. The decrease in the coefficient of variation is
consistent with the idea that the increase in amplitude was due
to an increase in quantal content and not due to increased
sensitivity of the postsynaptic membrane. Supported by NIH
grant # NS 09660 and Fellowship # NS 05554.

EFFECT OF CLONIDINE AND CHLORPROMAZINE ON ELECTRODERMAL RESPONSES
AND REFLEXES AND THEIR INTERACTION WITH YOHIMBINE. Patricia J.
Bernthal* and Michael C. Koss. Dept. Pharmacology, Univ. Okla.
Sch. Med., Okla. City, Oklahoma 73190.

Adult cats were anesthetized with either sodium pentobarbital
(36 mg/kg) or o-chloralose and urethane (35 mg/kg and 500 mg/kg).
Electrodermal respgnses were evoked by electrical stimulation of
the posterior hypothalamus at a constant submaximal frequency
(10-16 Hz). Electrodermal reflexes were elicited by stimulation
of the afferent common peroneal nerve in intact and spinal pre-
parations. Peripheral electrodermal responses were evoked by
stimulation of the efferent ulnar nerve. Graded i.v. doses of
both clonidine and chlorpromazine reduced the amplitude of the
centrally evoked responses. The EDsqg for clonidine was approx-
imately 5 pg/kg and that for chlorpromazine was about 1 mg/kg.
Yohimbine pretreatment (0.5 mg/kg) antagonized the effects of
clonidine but did not alter the action of chlorpromazine in
inhibiting these responses. Both clonidine and chlorpromazine
also reduced the amplitude of the electrodermal reflexes in a
dose-related fashion. The EDsg for clonidine was approximately
1 pg/kg in the intact preparations and 2 pg/kg in the spinal
cats. The ED5g for chlorpromazine was about 0.1 mg/kg and 0.03
mg/kg respectively in these two types of preparations. As with
the centrally evoked responses, pretreatment with yohimbine

. effectively blocked the actions of clonidine but not that of

chlorpromazine. None of these agents had any significant effect
on the peripherally evoked responses. The results demonstrate
that both clonidine and chlorpromazine inhibit central reacti-
vity of this sudomotor system and that they can exert their
action at several levels including the spinal cord. In additionm,
the observation that yohimbine selectively blocks the action of
clénidine but not chlorpromazine suggests that these two agents
depress the central reactivity of this sympathetic-cholinergic
system by different mechanisms. (Supported by USPHS grant MH
25792)
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TRANSIENT LOCAL ALTERATIONS IN CEREBRAL MICROVASCULAR
BLOOD VOLUMES AND FLOWS INDUCED BY HYPOTHALAMIC
STIMULATION. Baruch Blum*, Tamar Yashin*, Villi Benari*, and
Stephan Friedland*. (SPON: W. A. Alter III). Dept. Physiol. &
Pharmacol., Tel Aviv University, Tel-Aviv, Israel.

Evidence has been accumulated for neurogenic control of re-
gional cerebral blood (RCB) supply. This includes anatomical
data on rich autonomic innervation of various components of
leptomeningeal vasculature and pharmacological data suggestive
of neural control. This report presents physiological evidence
on fast local changes in RCB supply at middle and posterior
syprasylvian gyri (SSG) following lateral hypothalamic (LH) stim-
ulation. Data were obtained from 24 chloralose-anesthetized cats.
Application was made of silicon semiconductor detector for mea-
surement of radioactive krypton (Kr) clearances after its bolus
injection into internal carotid artery. This permitted computation
of baseline RCB flow during stationary conditions and also com-
parison between microvessel blood volumes in stationary vs dyna-
mic states induced by LH stimulation. The Zierler stochastic
method and compartmental analysis used gave values agreeing in
the low and medium ranges but diverged in the high flow ranges.
Compartmental analysis revealed two gray-matter compartments
within SSG: a fast one with a low weight(average fragt = 220 ml/
100g/min and average Wg,gt = 16% and a slow one with a high
weight (average fg1oy, = 37 ml/100g/min and average Wgjoy = 84%).
The fast compartment showed greater response to LH stimulation.
Heat-clearance method calibrated by simultaneously applied Kr
clearance was used to measure flow for stationary control periods
and for dynamic conditions induced by LH stimulation. This
method proved very sensitive for measurements of small changes.
It was thus established that LH stimulation induces local RCB sup-
ply changes--either increases or decreases--with flow rates and
microvessel volumes changing even independently, at latencies of~
ten shorter than 1 second. Phenomena of adaptation, recruitment,
and oscillation were also observed. Microscopic observations,
aided sometimes by fluorescein, enabled locating sites of maxi-
mal effects and observation that LH stimulation induced opening
of capillaries that were previously closed and of widening of
microvessels that were only partially open. Based on the short-
ness of latencies for changes and specificity of stimulation site,
it was concluded that the data support a neurogenic control
mechanism for gray-matter RCB blood supply.

MECHANISMS INVOLVED IN THE CARDIOVASCULAR AND BEHAVIORAL CHANGES
EVOKED BY CHOLINERGIC STIMULATION OF THE POSTERIOR HYPOTHALAMUS.
J. J. Buccafusco* and H. E. Brezenoff. Dept. Pharmacol. CMDNJ,
New Jersey Medical School, Newark, N. J., 07103.

We have demonstrated previously that stimulation of chol-
inergic receptors specifically localized in the posterior
hypothalamic nucleus (PH) via microinjection (0.5pl) of carbachol
produces a dose-dependent increase in blood pressure and a marked
increase in motor activity in conscious, freely-moving rats
(Fed. Proc. 36: 950, 1977). Dose-related changes in heart rate
accompanied the consistent pressor and behavioral responses,
however, the direction of the change was variable; increases and
decreases in heart rate occurring with equal probability. Prior
microinjection of the muscarinic antagonist atropine (6 nmole)
inhibited the hypertensive (+40%*3 mmHg) and bradycardic (-57
+5 beats min—l) response to 3 nmole of carbachol injected into
the same site. In contrast neither the tachycardia (+71%7
beats min—l) nor the increase in motor activity (405t45 movements
per 15 min) evoked by carbachol were affected by atropine. Prior
microinjection of the nicotinic antagonist mecamylamine (6 nmole)
produced no effect on the cardiovascular changes to 3 nmole of
carbachol but significantly reduced the increase in activity.
Atropine and mecamylamine produced no cardiovascular or behavior-
al changes of their own when injected into the PH.

In anesthetized rats intravenous injection of 2 mg/kg of
phentolamine produced a 60% reduction in the pressor response to
electrical stimulation of the PH. This dose of the a-adrenergic
blocking agent administered i.v. to unanesthetized rats also
reduced the pressor response to chemical stimulation of the PH
with carbachol by a similar amount.

These results indicate that a cholinergic mechanism exists
in the PH which mediates a rise in blood pressure and a fall in
heart rate through muscarinic receptors; and an increase in motor
activity through nicotinic receptors. The nature of the re-
ceptors mediating the tachycardic response to carbachol is un-
known. The pressor response evoked by carbachol appears to be
mediated at least in part through an increase in sympathetic
nervous outflow.
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MODULATION OF SOMATO-VAGAL REFLEXES BY SEPTAL STIMULATION IN THE
RABBIT. A. L. Brickman, G. J. Mogenson and F. R. Calaresu, Dept.
of Physiology, Univ. of Westernm Ontario, London, Canada N6A 5Cl1.

It has been suggested that limbic forebrain structures are
involved in cardiovascular integration by altering mechznisms
lower in the neuraxis so that cardiovascular adjustments are
appropriate to sensory inputs (Calaresu, Faiers and Mogenson,
Prog. Neurobiol. 5: 1-35, 1975). Since it is well documented
that electrical stimulation of somatic afferents elicits cardio-
vascular responses (Sato and Schmidt, Physiol. Rev. 53: 916-947,
1973), a series of experiments was done to investigate the role
of the septum in the cardiovascular response elicited during
somatic nerve stimulation.

Electrical stimulation of histologically verified sites in the
lateral septum consistently elicited decreases in heart rate (HR)
and mean arterial pressure (MAP). These responses were observed
in rabbits anesthetized with either sodium pentobarbital (22
sites) or alpha-chloralose (20 sites). They were not due to
changes in somatic activity since all rabbits were paralysed
with decamethonium bromide (4 mg/kg, i.v.) and artificially
ventilated. Stimulation of the sciatic nerve in rabbits anes-
thetized with chloralose elicited an immediate and pronounced
drop in HR as well as a decrease in MAP. The HR response was
shown to be due to vagal excitation as it was abolished by either
bilateral vagotomy (n=8) or the administration of atropine
methylbromide (3 mg/kg, i.v.; n=4). 1In order to investigate the
influence of septal stimulation on the sciatic response, the
lateral septum and sciatic nerve were stimulated simultaneously.
The current intensities used during simultaneous stimulation
were determined by stimulating either the sciatic nerve or the
lateral septum individually using the threshold stimulus for a
cardiovascular response. Combined threshold stimulation eli-
cited a significant decrease in both HR and MAP (n=8). These
findings suggest that the septum may participate in modulating
cardiovascular responses elicited during somatic nerve stimula-
tion.

(Supported by MRC of Canada and Ontario Heart Foundation)

SYMPATHOADRENAL MEDULLARY ACTIVITIES IN SPONTANEOUSLY HYPERTENSIVE
RATS AND WISTAR KYOTO RATS FOLLOWING RESTING, HANDLING, RESTRAINT,
COLD STRESS AND FOOT-SHOCK STRESS. C.C. Chiueh*, R. McCarty and
I.J. Kopin. NIMH, Bethesda, Md. 2001k.

Blood (0.5 ml) was obtained from undisturbed spontaneously
hypertensive (SHR) and the normotensive Wistar Kyoto (WKY) rats
through a chronic indwelling tail arterial cannula and assayed for
plasme norepinephrine (NE) and epinephrine (EPI) by a modified
radioenzymatic paper chromatographic method. The plasma levels of
NE and EPI are a good index of the sympathoadrenal medullary
activities because the increments of plasma catecholamines are
found to be dependent upon the degree of stress (Chiueh et al.,
Pharmacologist 18:135, 1976). There was no significant difference
in 'basal' plasma levels of NE and EPI in blood obtained from the
conscious and undisturbed SHR and WKY rats 24-48 hours after
cannulation despite the fact that blood pressures of SHR rats
were 25-50 mmHg higher than those of WKY rats. Several experimeg-
tal manipulations, i.e., transfer of rats into a new §Oxh0x140 cm’
cage (handling), confinement of rats in a §5x65x20 cm” restrainer
of the tail cuff procedure for indirect measurement of blood
pressure (restraint) and cold stress at 4°C, increased plasma NE
and EPI in both WKY and SHR rats. The increments in plasma NE
and EPI in SHR rats were not significantly different from those of
WKY rats during handling or after 20-240 min. at 4°C. However,
there was a greater elevation of plasma catecholamines, mainly,
EPI, in restrained SHR rats than in restrained WKY rats. In the
restrainer, the blood pressures of SHR rats increased approxi-
mately 25 mmHg while those of WKY remained unchanged. Hyper-
adrenergic responsivity in SHR rats was also noted during and
after 5 min. foot-shock stress (2mA, 0.1 Hz, 0.4 sec). During the
5 min. intermittent foot-shock period, a 4-T fold increase in
plasma levels of NE and EPI was found in WKY rats and an 8-21 fold
increase in SHR rats. Fifteen minutes after the shocks, when the
rats still remained in a freezing posture suggesting an emotional
stage of fear of shock, elevated levels of EPI and NE were found
in SHR rats but not in WKY rats. In conclusion, while there was
no difference between WKY and SHR rats in basal sympathoadrenal
medullary activities, hyperadrenergic responses were found in
SHR rats during restraint, foot-shock and possible emotional
stress but not during other stresses.
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DO SOME CARDIOINHIBITORY AXONS ORIGINATE IN THE EXTERNAL CUNEATE
NUCLEUS? J. Ciriello* and F. R. Calaresu, Dept. of Physiology,
University of Western Ontario, London, Canada N6A 5Cl.

The external cuneate nucleus (ECN) has been shown to receive
an input from the aortic depressor nerve (Am. J. Physiol. 215:
269-276, 1968) and from a cardioacceleratory area in the poste-
rior hypothalamus (Ciriello and Calaresu, in preparation).

These findings suggest a role for this nucleus in central regula-
tion of the cardiovascular system and have prompted the following
experiments.

Electrical stimulation of 78 histologically verified sites in
the ventral ECN in 15 chloralosed, paralyzed and artificially
ventiled cats, consistently elicited a marked decrease in
heart rate, with a threshold current of 5-25 pA and an optimal
frequency of 20 Hz when using 0.2 ms pulses. This response was
shown to be due to vagal excitation as it was not affected by
propranolol (1.5 mg/kg, i.v.) but was abolished by ipsilateral
vagotomy and by the administration of atropine methylbromide (2
mg/kg, i.v.). The possibility that the bradycardia observed
was due to activation of cardiovascular afferents terminating
at or near this nucleus was investigated in seven chloralosed
cats by studying the effect of administration of progressively
larger doses of pentobarbital, a barbiturate known to depress
synaptic transmission, on the magnitude of the bradycardia eli-
cited by stimulation of a known site of termination of baro-
receptor afferents (n. tractus solitarius, NTS) and that eli-
cited by stimulation of either a known site of origin of cardio-
inhibitory neurons (n. ambiguus, AMB) or the cervical vagus.
Bradycardic responses to stimulation of the ECN, the AMB and the
cervical vagus were of the same magnitude and were affected by
the barbiturate significantly less than the response from the
NTS, suggesting that the ECN may be a site of origin of cardio-
inhibitory axons. 1In six additional experiments the possibility
that the bradycardia observed during ECN stimulation was due to
activation of cardioinhibitory axons originating in the AMB
was tested by making unilateral lesions of the AMB and, after
sufficient time had passed for the fibers originating in the AMB
to degenerate (11-23 days), the magnitude of the bradycardia
elicited by stimulation of sites in the ECN ipsi- and contra-
lateral to the lesion was compared. Stimulation of the ECN
on either side in these animals still elicited a marked brady-
cardia which was abolished by cutting the ipsilateral cervical
vagus. These results suggest that the ECN is a site of origin of
cardioinhibitory axons in the cat and must therefore be con-
sidered an important component of reflex arcs leading to cardiac
slowing.

(Supported by MRC of Canada)

EFFECTS OF INDORAMIN ON CENTRAL SYMPATHETIC REACTIVITY.
Meredith A. Davison and Michael C. Koss. Medical Biology Divis-
ion, OkTa. College of Osteopathic Medicine, Tulsa, Ok 74101.
Indoramin has been shown to reduce blood pressure in both
humans and experimental animals (Royds et al., Clin. Pharmacol.
Therap. 13: 380, 1972; Baum and Shropshire, European J. Pharm-
acol. 32: 30, 1975). Many features of the complex pharmacolo-
gical profile of this agent suggest that its antihypertensive
effect may be due in part to central actions (Baum and Shrop-
shire, European J. Pharmacol. 32: 30, 1975). We have pre-
viously reported that the sympathetic-cholinergic electrodermal
response (EDR) is an effective model system for studying the
effects of drugs on central sympathetic reactivity, and that
clonidine inhibits central reactivity in this system in a manner
analagous to its action on other sympathetic systems (European J.
Pharmacol. 37: 71, 1976). The present experiments used the
electrodermal response system to investigate the possible action
of indoramin on central autonomic activity. In anesthetized
cats (pentobarbital, 36 mg/kg, ip) EDR were evoked centrally
by stimulation of reactive loci in the posterior hypothalamus
and peripherally by stimulation of the distal portion of the
sectioned ulnar nerve. Indoramin (0.33-10 mg/kg, iv) signi-
ficantly reduced the amplitude of the EDR evoked by stimulation
of the hypothalamus at a constant submaximal frequency (10-16
Hz) is a dose-related manner. Indoramin had no effect on the
peripherally evoked responses. As has been previously reported
indoramin also caused a similar dose-dependent reduction in both
blood pressure and heart rate. Unlike clonidine, indoramin did
not induce mydriasis. Preliminary results indicate that the
effects of indoramin on the EDR appear to be at least partially
antagonized by yohimbine pretreatment (0.5 mg/kg, iv). The
results of these investigations suggest that indoramin reduces
central sympathetic reactivity elicited by hypothalamic stimu-
lation.
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55 EFFECT OF BIOFEEDBACK INDUCED CHANGES IN SKIN TEMPERATURE ON

NON-INVASIVE REGIONAL CEREBRAL BLOOD FLOW IN NORMAL SUBJECTS.
James L. Claghorn*, Roy J. Mathew*, John W. Largen*, John S.
Meyer* (SPON: Beng T. Ho). TRIMS, Houston, Tx. 77030

A study to ascertain the effects of biofeedback induced skin
temperature changes on regional cerebral blood flow was under-
taken at the Texas Research Institute of Mental Sciences, in
accordance with the hypothesis that such techniques may be
utilized in the treatment of migraine headache syndrome. Mi-
graine has been characterized as a stress related syndrome, with
painful cephalic dilation during the headache phase which may
be precipitated by excessive sympathetic activity; hand warming
through biofeedback temperature training may result in a de-
creased sympathetic outflow to the cephalic vessels, an altera-
tion in the vasomotor state, and a consequent abortion of the
headache phase.

Subjects are 12 normal female volunteers, aged 19-35, ran-
domly assigned to either a hand warming or hand cooling tempera-
ture feedback group. Each participant was trained to elevate
or Tower her hand temperature in a series of 9 biofeedback
sessions, over a period of approximately 30 days. At the con-
clusion of training, all subjects underwent 2 measurements of
non-invasive regional cerebral blood flow(nrCBF) via the
133%enon inhalation technique(pre and post skin temperature
manipulation); this phase of the research was conducted in a
carefully controlled laboratory setting.

The authors will present data comparing regional intracere-
bral and extracerebral blood flow measures at pre and post
skin temperature manipulation; comparison between subject groups
(hand warming or hand cooling) will be made, and correlations
of change in nrCBF parameters with biofeedback induced skin
temperature changes will be offered.

57 EFFECTS OF TRH AND SOMATOSTATIN ON CENTRAL REGULATION OF BLOOD

PRESSURE. Bernard Delbarre*, Danielle Senon* and Henry Schmitt*
(SPON: Marthe Cohn). Lab. Ch. Exp. Fac. Med. 37032 Tours Cedex,
Dep. Pharm. Broussais Hotel-Dieu Paris, France. :

Thyrotropin releasing hormone (TRH) has been shown to be wide-
ly distributed in the central nervous system and has been pro-
posed as a neurotransmitter. The effects of this agent on blood
pressure and heart rate has been looked for after intracerebro-
ventricular administration. Cats of either sex were anaesthe-
tized with chloralose. Blood pressure, heart rate and splanchnic
discharges were recorded. The injection of TRH (1 ug/kg™') into
the lateral ventricle or the third ventricle of the brain induced
a significant and long lasting increase in blood pressure, heart
rate and splanchnic discharges. Similar results have been shown
in pentobarbitalized dogs. Injection of TRH into the cisterna
magna in the same dose, has no effect. Somatostatin (1 ug/kg'l)
injected by the same route in cats induced a slight but signifi-
cant decrease in blood pressure and in addition antagonized the
effects of TRH when injected before or after the latter hormone.
TRH has been shown to activate the adenylate cyclase and somato-
statin to reduce the level of adenosine 3':5' monophosphate
(cyclic AMP) in the brain. As cyclic AMP has been shown to
increase blood pressure after intracerebroventricular administra-
tion (Delbarre and all., Abst. 6 Int. Congr. Pharmacol 227, 1975-
Clin, Exp. Pharm, Phys., 1977. In press) there is a possibility
that cyclic AMP might be involved in the effect of TRH and
somatostatin.
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LATERALIZATION OF PRESSOR AND CARDIOACCELERATORY RESPONSES IN 59
THE ZONA INTERMEDIA OF THE CAT SPINAL CORD. A. I. Faden¥®,

M. Woods®, T. P. Jacobs®* and C. F. Tyner (SPON: F. J. Manning).

Department of Medical Neurosciences, Walter Reed Army Institute

of Research, Washington, D.C. 20012.

Pressor and cardioacceleratory responses to electrical stimu-
lation of the thoracolumbar spinal cord were studied in 19
anesthetized, vagotomized, paralyzed cats following low cervical
spinal cord transection. Arterial pH, arterial blood gases and
rectal temperature were closely monitored and maintained within
normal limits. Pressor and cardiocacceleratory sites were mapped
using trains of constant current and stimulating at 0.25 mm in-
tervals throughout the spinal cord.

Blood pressure and heart rate responses were very well local-
ized within the zona intermedia and could be obtained with cur-
rents as low as 40 microamperes. Maximal response sites were
demonstrated histologically to correspond to the intermediolateral
nucleus. Both pressor and cardioacceleratory responses could be
elicited throughout the longitudinal extent of the intermedio-
lateral nuclear column (T —Lu), with the largest responses found
in the upper thoracic region. The lumbar cardioacceleratory
responses could be obtained after bilateral transection of the
sympathetic chain at T.. but were abolished by spinal cord trans-
.ection at T,.. Lumbar pressor responses could still be generated
after Tl spinal cord transection, but were substantially reduced
in magnl%ude. Cardioacceleratory and pressor responses were
remarkably well lateralized at all levels of the spinal cord
between T, and Lu, with significantly greater changes in heart
rate and %lood pressure obtained from right intermediolateral
column stimulation as compared to the left. Change of anesthetic
agent (alpha chloralose, sodium pentobarbital) and adrenalectomy
failed to alter this lateralized responsiveness.

CONVERGENCE OF INPUTS ONTO INTERNEURONS OF BARORECEPTOR REFLEX 61
ARC. Gerard L. Gebber, Robert B. McCall and Susan M. Barman.
Dept. Pharmacol., Michigan State Univ., East Lansing, MI 48824.

In a previous report from this laboratory (McCall and
Gebber, Fed. Proc. 36: 488Abs., 1977) neurons whose discharges
were interrupted within a heart beat upon bilateral occlusion of
the common carotid arteries (BLCO) .in vagotomized cats were lo-
cated in the nucleus of the tractus solitarius (NTS), and in the
vicinity of the intermediomedial spinal nucleus (IMM). These
neurons were presumed to be interneurons in the baroreceptor
reflex arc and additional evidence was offered that the units in
IMM mediated spinal sympathoinhibition. In the present investi-
gation, the spontaneous discharge patterns of BLCO-sensitive
neurons in NTS and IMM of vagotomized cats were analyzed by con-
structing post-R wave time interval histograms (post-R wave
TIH's). Six units in NTS exhibited unimodal histograms with peak
probability of discharge occurring 70-80 msec after the R wave.
The timing of this peak is consistent with the possibility that
rhythmically-active input to these neurons was solely of carotid
sinus baroreceptor origin. In this regard, the pulse synchronous
component of carotid sinus nerve discharge began 68-71 msec after
the R wave. The post-R wave TIH's of other units (n=11) in NTS
and in IMM were multimodal. The timing of the second peak (70-
80 msec), but not that of the earlier or later peaks, in the
multimodal histograms was consistent with that of pulse synchro-
nous carotid sinus baroreceptor discharge. Since the vagus
and aortic depressor nerves were sectioned in these experiments,
it is concluded that medullary and spinal interneurons of the
baroreceptor reflex arc receive auxiliary afferent input from
sources in addition to the IX and X cranial nerves. These
auxiliary inputs apparently are responsible for the early (<50
msec) and late (>100 msec) peaks in the multimodal post-R wave
TIH's of unitary discharge.

One source of auxiliary input is provided by sympathetic
afferents in the inferior cardiac nerve. Single shocks applied
to the inferior cardiac nerve elicited early and late orthodromic
discharges in IMM neurons which exhibited multimodal post-R wave
TIH's. The latency of the early discharge (5 msec) was shorter
than that (8 msec) for activation of IMM units by NTS stimula-
tion. This observation suggests that the early discharge was
mediated over a spinal pathway. The latency of the late dis-
charge (12 msec) of IMM neurons was consistent with activation
over a supraspinal reflex pathway. Indeed, NTS units exhibiting
multimodal post-R wave TIH's were activated with a latency of 6
msec by single shock stimulation of the inferior cardiac nerve.
(Supported by PHS Grant HL 13187 and a grant from the Michigan
Heart Association.)
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RELATION BETWEEN EXPIRATORY DURATION AND ROSTRAL MEDULLARY
EXPIRATORY NEURONAL DISCHARGE. J.L. Feldman and M.I. Cohen,
Dept. Physiol., Albert Einstein Col. Med., Bronx, N.Y.

In order to understand the central neural events that control expiratory
duration (Tg), the responses of expiratory (E) neurons in the rostral medulla
to various types of cycle triggered lung inflations were studied. Experi-
ments were performed on decerebrate cats, gallamine paralyzed, with
pneumothorax,and ventilated via a tracheal cannula with a cycle triggered
pump (CTP; Feldman et al., Brain Res. 104, 341, 1976). The CTP inflated
the lungs coincidentally with the period of the phrenic nerve burst, which
served as indicator of the central inspiratory () phase. E unit activity was
recorded with glass microelectrodes in the region of the nucleus of the
solitary tract (NTS) and in the rostral part of the nucleus retroambigualis
(rNRA). Changes in Tg were produced either by withholding inflations
during the | phase or by applying maintained or phasic inflations during the
E phase. Two major types of E neurons were observed: 1) Early expiratory:
These began firing immediately after | cutoff, reached peak frequency
shortly thereafter, and then declined in frequency throughout the remainder
of the E phase. During the lengthened E phase which followed the lengthen-
ed | phase due to withholding inflation (Breuer-Hering I-inhibitory reflex),
these neurons had a higher initial frequency and their discharge decayed
more slowly. E inflations produced increased firing of these neurons together
with lengthening of the E phase (Breuer-Hering E-facilitatory reflex). Many
of these neurons were located in the NTS, which is thought to be a prime
component of the | pattern generator. The responses of these neurons suggest
that they control TE by exerting inhibitory actions on I-facilitatory systems.
2) Late expiratory: These neurons, found predominantly in the rNRA,
began firing with different delays after | cutoff, gradually increased their
firing throughout the E phase, and stopped firing near the time of onset of
the | phase. Withholding inflation did not markedly affect the initial dis-
charge of these neurons but caused a prolongation of firing. In contrast,

E inflations produced a marked inhibition of their discharge. These neurons
could be involved in either: a) the control of the E musculature;or b) the
control of T, by promoting the onset of the next I phase. (Supported by
USPHS Grant HL-20800.)

EFFECTS OF PULMONARY AFFERENTS ON RESPIRATORY MODULATION
OF SYMPATHETIC DISCHARGE. P.M. Gootman, J.L. Feldman, and M. 1.
Cohen. Depts. Physiol., Downstate Med. Cir., SUNY, Brooklyn and
ATbert Einstein Col. Med., Bronx, N.Y.

Experiments were performed on decerebrate or urethane-anesthetized,
gallamine-paralyzed cats with pneumothorax and intact vagi. Efferent
splanchnic and cervical sympathetic nerve discharges were recorded mono-
phasically (0.2-1000 Hz). Phrenic (PHR) nerve discharge served as an
indicator of respiratory center output. Lung inflation was applied coinci-
dentally with PHR discharge during control cycles by means of a cycle
triggered pump (CTP; Feldman et al., Brain Res., 104: 341, 1976). Changes
in the timing of CTP inflations were used to evaluate effects of pulmonary
afferent (PA) activity from lung stretch receptors on central respiratory
modulation of sympathetic (SYMP) discharge (Cohen and Gootman, Am. J.
Physiol., 218: 1092, 1970). When inflation was not applied for one
inspiratory (I) phase, the Breuer-Hering I-inhibitory reflex occurred: |
prolongation with no change in slope of the integral of PHR activity, as
measured with an average-response computer. In contrast this test produced
an increase in slope of the integrated SYMP discharge. This indicates that
inflations during the control | phases inhibited SYMP discharge. The
striking difference in the slope changes of PHR vs. SYMP activities implies
that this inhibition of SYMP activity was acting via circuits different from
but related to those of the Breuer-Hering reflex. Lung inflation also in-
hibited SYMP discharge during the expiratory (E) phase, since inflations
applied during the E phase reduced SYMP discharge, concomitantly with
lengthening of the E phase (Breuer-Hering E-facilitatory reflex). The
latency for SYMP inhibition from the onset of inflation was of the order of
100-200 msec for both | and E inflations. Vagotomy abolished these effects
and resulted in an increased respiratory modulation of SYMP discharge.
These results indicate that PA activity exerts an important influence on the
central respiratory modulation of SYMP discharge. (Supported in part by
NIH grants HL-20800 and NS-12031.)




62 EFFECTS OF DRUGS WHICH PRODUCE SYMPATHECTOMY ON THE RETRO-
GRADE TRANSPORT AND ACCUMULATION OF NGF. Eugene M.
Johnson, Jr., Roger Y. Andres, Richard A. Macia and Ralph A.
Bradshaw. Depts. of Pharmacology and Biochemistry, Washington
U. Med. School, St. Louis, MO 63110 (Spon: J. A. Ferrendelli).

Work by Hendry, Thoenen and co-workers has shown that
nerve growth factor (NGF) is transported from the periphery
to the cell body of sympathetic neurons by a retrograde
axoplasmic flow. Since the cytotoxicity of drugs which
destroy sympathetic neurons (6-hydroxydopamine, guanethi-
dine, vinblastine) can be suppressed by concomitant adminis-
tration of NGF, we have explored the possibility that these
agents may all ultimately ki1l the cell by a common mechanism:
prevention of the retrograde transport, acgumation or utili-
zation of NGF. Administration of high specific activity NGF
(6-10 ng, 500,000 cpm) into the anterior eye chamber of
adu]Esrats resulted in a maximal accumulation (v 1000 cpm)
of I-NGF (confirmed by gel electrophoresis) in the ipsi-
lateral superior cervical ganglion (SCG) about 16 hrs after
injection. Very few counts (<30) were found in the con-
tralateral ganglion. This system was "half-saturated" when
30-40 ng of NGF were injected into the eye chamber. Admin-
istration of NGF (200ng) systemically to adult (i.v.) or 5
day old animals (s.c.) resulted in maximal accumulation in
SCG in about 8 hours. Administration of guanethidine (50
mg/kg/day i.p.) to adult rats resulted in a 50-60% decrease
in accumulated NGF within 3 days of starting treatment. A
single injection of 6-hydroxydopamine (100 mg/kg s.c.) or
vinblastine (QZg mg/kg s.c.) 16 hours prior to systemic admin-
istration of I-NGF to 5 day-old rats prevented the accumu-
lation of radioactivity in SCG. Administration of 6-hydro-
xydopamine to adult rats did not effsgt the accumulation of
NGF during the first 6 hours after I-NGF administration
(i.v.), but accumulation ceased at that time rather than
continuing for another 3 hours as in controls. These
results support the notion that, although their initial
interaction with the neuron may be very different, all of
the drugs ultimately kill sympathetic neurons by "depriving"
them of NGF. (Supported by Nat. Fdn., March of Dimes, NIH
Grant HL20604 and NS10229, R. Y. A. is a fellow of the
Swiss National Foundation.)

64 NATURAL SUPPRESSION OF FEVER IN THE NEAR~TERM EWE: A CENTRAL
PHENOMENON? Norman K. Kasting*, Warren L. Veale, Keith E.
Cooper, Division of Medical Physiology, University of Calgary,
Calgary, Alberta, Canada T2N 1N4.

The production of fever involves an interaction between an
exogenous pyrogenic factor (bacterial pyrogen - BP) and cells
of the reticulo-endothelial .system to elaborate endogenous
pyrogen (EP). It is thought that EP enters the central
nervous system to initiate responses leading to fever.
well-known that the newborn human often does not become
febrile even though it may be seriously infected. We have
shown that the newborn lamb does not respond to either EP or
BP immediately after birth. In our efforts to obtain more
information regarding this phenomenon, we have examined the
ability of the pregnant ewe near term to become febrile.
Twenty-two pregnant ewes were injected intravenously with a
bacterial pyrogen derived from Salmonella abortus equi (SAEP)
several days before and immediately following parturition.

The most commonly injected dose of SAE was 30 ug, an amount
sufficient to produce a fever of 1.3 ip.15°c in a non-pregnant
adult sheep. Endogenous pyrogen was made in vitro by incubat-
ing peritoneal exudate macrophages with SAEP.  Amounts of EP
were injected which produced a fever of 1.85 iO.lOOC in the
non-pregnant adult sheep. During these experiments rectal
temperature was monitored continuously and the general physio-
logical state of the animal was assessed.

It is

The febrile response to SAEP was diminished or absent from
4 days prior to and 1 day after parturition. Similarly, the
animals failed to become febrile following intravenous injec-
tion of EP over a similar time course. Since fever to both
EP and BP are inhibited, it is suggested that this phenomenon
18 not associated with the elaboration of endogenous pyrogen
by cells of the reticulo~endothelial system, but is more
likely to be an inhibition of the action of EP on the central
nervous system.

This work is supported by the Medical Research Council of
Canada. N.W.K. is a predoctoral research trainee of the
Medical Research Council of Canada.
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Gastric secretion and hyperglycemia provoked by cytoglucopenia in
the nuclei of the solitary tract. M. Kadekaro, C. Timo-Iaria and
M.L. Mendes Vicentini. Dept. Physiology and Pharmacology, Inst.
Biomedical Sciences, Univ. of Sao Paulo, Cx. Postal 4365, Sao
Paulo, S.P., Brazil.

Previous reports showed that cytoglucopenia induced by intra-
venous injection of 2-deoxy-D-glucose (2-DG) in cats increases
gastric secretion by activation of several parallel mechanisms
(J. Physiol. 1972, 221:1-13; J. Physiol. 1975, 252:565-584;
Nerves and Gut, ed. F.P. Brooks, 1977, in press). 1. The first
mechanism involves a neuronal chain whose afferent and efferent
1limbs are in the medial forebrain bundle (MFB) area; 2. The
second circuit consists of glucoreceptors in the MFB area with
the efferent limb in the globus pallidus; 3. The third reflex
arc involves afferent pathways arising in the liver and efferent
pathways in the lower brain stem; 4. The fourth loop is mediated
by afferent and efferent pathways located in the lower brain
stem. This latter circuit was first disclosed by injection of
2-DG (60 mg/kg) in the left vertebral artery of cats previously
subjected to midcollicular transection of the brain stem and
also in cats subjected to pontomedullary electrolytic transection.
The present work shows that rhombencephalic receptors located in
nuclei of the solitary tract are responsible for gastrosecretory
and hyperglycemic responses to local cytoglucopenia but that
gastrosecretory responses produced by microinjection into vagal
nuclei is nonspecific. The identification of the rhombencephalic
glucoreceptors was accomplished through microinjection of 3.3
ul/min of 2-DG (50 mg/ml) by means of a glass micropipette in
several medullary structures of cats with midcollicular tran-
section of the brain stem. At the end of the experiment a very
low anodal current (10 HA x 10 sec) was passed through a micro-
electrode carried by the micropipette and the histological
identification of the lesion (Prussian blue reaction) enabled
us to locate the site of microinjection. Local microinjection
of 2-DG within the boundaries of the nuclei of the solitary
tract caused intense gastric secretion. Saline microinjection
in the same areas failed to increase gastric secretion, showing
that the effect is specific to glucorecepetor activation.
Injection of either 2-DG or saline in the dorsal nucleus of the
vagus caused an increase in gastric secretion which was appar-
ently due to the mechanical stimulation of the nucleus. No
secretory response was obtained by microinjection of 2-DG or
saline into surrounding areas. Activation of the glucoreceptors
involved in the gastrosecretory effect of cytoglucopenia also
provoked a hyperglycemic response.

Supported by the Sao Paulo State Research Foundation (FAPESP).

SENSORY AND MOTOR PATHWAYS OF THE PULMONARY VAGUS: SIMULTANEOUS
VISUALIZATION BY HRP TRANSPORT. David M. Katz* (Spon: A.D. Rosen)
and Harvey J. Karten, Depts. of Biology (DMK) and Psychiatry (HJK)
S.U.N.Y., Stony Brook, N.Y. 1179k,

The dorsal motor nucleus of the vagus nerve (DMN) contains
cells of origin of vagal efferent fibers in both birds and
mammals. Nucleus solitarius (NS), which lies immediately
lateral and domsal to DMN in the floor of the fourth ventricle,
receives sensory input from vagal afferent fibers. Numerous
subdivisions have been recognized within both nuclei, but the
relationship of those subdivisions to the individual peripheral
structures innervated by the vagus is unknown. Horseradish
peroxidase (HRP) labelling techniques were used in the pigeon
to determine the topographic representation of the pulmonary
branch of the vagus in both DMN and NS.

An HRP-filled cuff was placed on the cut end of the right
pulmonary vagal branch in otherwise intact animals. Following
various survival times HRP granules were observed in 1) cell
bodies in the nodose and jugular-superior ganglia, 2) the
tractus solitarius (TS), 3) the neuropil of the posterior
ventrolateral nucleus of NS, parasolitarius lateralis (P1l) and
4) DMN and the ventral motor nucleus of the vagus (VMN).
Labelled cells were found in several subdivisions of DMN,
ipsilateral to the transected nerve, and were most heavily
concentrated in a ventrolateral subdivision of the caudal
portion of the nucleus. Bilateral labelling was observed in
both P1 and TS. The rostro-caudal extent of labelling in P1
corresponded to the rostro-caudal levels at which labelled
cells were found in DMN.

The distribution of HRP granules in the neuropil of Pl
correlates well with the recent finding in memmals that Pl
contains respiratory neurons receiving a vagal afferent input
(ref.: von Euler, Br.Res., 1973). HRP appears to have been
transported anterograde from nodose and/or jugular-superior
ganglion cells whose central processes terminate in Pl, and
whose peripheral processes extend into the pulmonary vagus.

Pl was not labelled in similar experiments involving other
vagal branches. These findings suggest that 1) pulmonary vagal
afferents project centrally to the lateral parasolitary
subdivision of NS; 2) the cells of origin of pulmonary vagal
efferent fibers lie in several subdivisions of DMN, correspon-
ding, perhaps, to different effectors within the lung receiving

a vagal input and 3) the pulmonary vagus is generally repre-
sented at corresponding rostro-caudal levels in both DMN and NS.

Supported by NS~-12078 and Scottish Rite Foundation for Research
in Schizophrenia to HJK,
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ROLE OF SUBTHALAMUS IN MEDIATION OF BRADYCARDIA RESPONSES IN
RABBITS. Marc P. Kaufman, Robert B. Hamilton*, Guy K. Petrik*
and Neil Schneiderman. Dept. Psychol., Univ. of Miami, Coral
Gables, FL 33124.

In barbiturate anesthetized rabbits electrical stimulation
(100 pulses/sec, 0.5 msec pulse-width, 10 sec train, <250uA) of
20 sites in the lateral zona incerta of the subthalamus (LZI)
elicited bradycardia (M=94 bpm, SE=+8 from a baseline of 220
bpm) and a small decrease in mean arterial pressure (M=6 mmHg;
SE=+2 from a baseline of 80 mmHg). In contrast, comparable stim-
ulation of 17 sites in the medial zona incerta and H fields of
Forel in the subthalamus evoked a small bradycardia response
(M=-16 bpm, SE=%8) and an increase in mean pressure (M=17 mmHg,
SE=+2), Bilateral section of the vagus nerves converted the
bradycardia response to a slight heart rate increase and trans-
formed the vasodepressor response into a small pressor response.
Low frequency (25 pulses/sec) stimulation of LZI attenuated the
bradycardia response (-94 vs. -13 bpm). Extracellular record-
ings from 7 units in the vicinity of the bradycardia responsive
area of the LZI indicated that they received barosensory input.
Onset latency for these 7 cells to single-pulse stimulation of
the aortic nerve averaged 68 msec (SE=£20).

Fifteen neurons were observed in the nucleus of the tractus
solitarius or in the dorsal vagal nucleus that were activated by
single-pulse stimulation of sites in LZI previously shown to
elicit bradycardia to train stimulation. The units were also
activated by either single-pulse stimulation of aortic nerve, or
were found to fire in synchrony with the EKG. In addition, 3 of
the 15 cells were also antidromically invaded from the cervical
vagus nerve and were therefore preganglionic and probably cardio-
inhibitory. Onset and peak latencies of the responses to LZI
stimulation averaged 6 msec (SE=+.5) and 9 msec (SE=%.9), re-
spectively. When the LZI was stimulated with a train of 10
pulses at a frequency of 100 pps, the probability of discharge
was greatly increased as compared to single-pulse stimulation.

The results suggest that (a) train stimulation of LZI elicits
primary bradycardia accompanied by a secondary fall in blood
pressure, (b) neurons within the LZI receive barosensory input,
(c) LZI neurons project with short latency onto cardioinhibitory
neurons in the dorsal medulla, and (d) the discharge rate of
these neurons is importantly influenced by temporal summation
(Supported by NSF Grant BMS 75-10967 and by a grant from the
Heart Association of Greater Miami).

SYMPATHETIC DEPRESSOR REFLEX ELICITED BY STIMULATING THE SYMPATHE-
TIC CHAIN IN THE CANINE AND PRIMATE. David R. Kostreva, Fran A.
Hopp* and John P. Kampine*. Depts. Physiol. and Anesthesiol.,
Med. College of Wisconsin and Wood VA Ctr., Milwaukee, WI 53193
Electrical stimulation of the left or right sympathetic chains
(SC) after sectioning of the ventral and dorsal ansae subclavia
and the SC below T12 resulted in a depressor reflex response in
the canine and primate. Mongrel dogs and pigtail macaque monkeys
(Macaca nemestrina) were anesthetized using phencyclidine hydro-
chloride, 2 mg/kg i.m., and sodium pentobarbital, 35 mg/kg i.v.
The animals were placed on positive pressure ventilation, and the
second through seventh ribs were removed from the left and right
sides along with the adjacent sternum to allow unimpeded access
to both SC. Right ventricular pressure (RVP), systemic arterial
blood pressure (BP), and left ventricular pressure (LVP) were
monitored from a femoral vein and arteries, respectively. The
electrocardiogram (ECG) was monitored from leads placed in a lead
II configuration. A representative response to stimulation of
the left SC after section of the left ventral and dorsal ansae
subclavia is shown in the left panel of the figure. With stimu-
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lation of the left SC between T7 and 8, increases in BP, RVP and
LVP were observed. However, when the left SC was sectioned at
T12 and the SC stimulation repeated, as shown in the panel on the
right, BP and LVP decreased with little or no change in RVP.
Similar responses were observed when the upper (Tl or 2) and
lower segments (Tll or 12) were stimulated on either the right

or left SC in both the canine and primate. This study has pro-
vided some evidence for the existence of a sympathetic depressor
reflex that can be elicited by stimulation of thoracic and abdom-
inal sympathetic afferents.

67 NEUROANATOMICAL SUBSTRUCTURE OF MEDULLAR RESPIRATORY
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NEURONS. Gary W. King* and Charles K. Knox.
Laboratory of Neurophysiology, Department of Physiol-
ogy, University of Minnesota, Minneapolis, MN 55455.

Neuroanatomical tracing studies were performed in
cats, utilizing retrograde axonal transport of horse-
radish peroxidase (HRP) and anterograde axonal trans-
port of 3H-amino acids to delineate the medullar-
pontine pathways involved in the neural control of
respiration. The results show that two major groups
of neurons in the medulla project to the parabrachial
nucleus (NPB) of the dorsolateral rostral pons: 1)
the medial nucleus of the solitary tract and dorsal
motor nucleus of the vagus, which project topograph-
ically to NPB, and 2) lateral tegmental field (FTL)
neurons. The FTL neurons are arranged in four longi-
tudinal sheets which, on a frontal section, appear as
groups of cells aligned radially with respect to the
fourth ventricle. The sheets of FTL neurons are about
100u thick and lie at the level of the obex near
nucleus ambiguus, about 0.5mm apart. Furthermore,
microscopic examination has revealed four longitudinal
sheets of arterioles which coincide with the sheets
of neurons projecting to the pontine respiratory
areas. The neurons are thus interdigitated and
closely juxtaposed to the arterioles. The most
dorsal of the arteriolar sheets corresponds to nucleus
retroambigualis, and extends from the spinal cord
level C1l, through n. ambiguus, and beyond the dorsal
aspect of the seventh cranial nerve nucleus (c.f.
Merrill, Brain Res., 24:11, 1970).

Preliminary electrophysiological studies have
shown that respiratory-modulated neurons of the FTL
are also found preferentially in these four sheets.
Thus, the vascular system would appear to determine
a topographical organization for respiratory neurons
in the medulla. Also, if central chemosensitivity
is located in deeper FTL regions (Lipscomb and
Boyarsky, Resp. Physiol., 16:362, 1972), then these
arteriolar sheets would provide a rapid sampling of
arterial blood for the chemoreceptors.

NEURAL RELATIONSHIPS BETWEEN THE CELIAC PLEXUS AND COLONIC
MOTILITY IN THE GUINEA PIG. David L., Kreulen* and
Joseph H. Szurszewski., Dept. Physiol., Mayo Med. Sch.,

Rochester, MN 55901.

Experiments were performed to determine the relationship
between synaptic input to neurons in the celiac plexus and colonic
motility. In vitro preparations were dissected from guinea pigs
and consisted of the celiac plexus attached to the whole colon by
its vascular supply and nerve trunks. Intracellular electrical
activity was recorded and nerve trunks were stimulated with
external electrodes. Repetitive stimulation (5-15 Hz) of nerve
trunks between the ganglia and the colon resulted in a 0.5 to
1.5 sec after-train hyperpolarization, a marked decrease in the
level of synaptic input from receptors located in the colon and a
decrease in colonic intraluminal pressure. In the superior
mesenteric ganglion (SMG), only 5 of 77 neurons tested received
synaptic input from a greater splanchnic nerve. In the celiac
ganglia (CG), less than 10 percent of the neurons received
synaptic input from both the ipsilateral greater splanchnic nerve
and from the periphery. Thus in both the SMG and CG there was
subganglionic organization of input. Neurons with a particular
pattern of input appeared to be localized in specific regions.
When the colon was connected to the ganglia 60 percent of the
neurons tested in the SMG had continuous excitatory synaptic
input. In the CG only 20 percent of the neurons received
continuous excitatory synaptic input. In the neurons in both
ganglia that did receive input, distention of the colon resulted
in an increase in the level of synaptic input. However, all of
these neurons did not receive synaptic input from all regions of
the colon. For example, when the terminal colon was distended
there was an increase in synaptic input to some neurons while
there was no change in others. These results demonstrate
subganglionic organization of neurons in the CG and SMG and that
neurons in the CG and SMG receive mechanosensitive synaptic
input from the colon. (Supported by Grants AM 17632 and
T32 RL 7111-02)



70 EFFECT OF MESENCEPHALIC LESIONS ON THE CEREBROVASCULAR RESPONSE
TO ELEVATED ARTERIAL PCO2. J.H. Ovelmen Levitt and C.E. Rapela*.
Depts. Neurology and Physiology-Pharmacology, Bowman Gray School
of Medicine, Winston-Salem, North Carolina 27103

The CNS has been implicated by others as having a role in cere-
brovascular control. The possibility that a mechanism located in
the mesencephalon, influencing the cerebrovascular response to
alterations in partial pressures of arterial carbon dioxide (PaCO2)
has been studied acutely in 22 dogs anesthetized with Chloralose.
In 16 of these experiments midbrain lesions were made. Descending
mechanisms influencing systemic blood pressure, ascending fibers
from the locus coeruleus, the raphe nuclei, pathways associated
with pain, as well as portions of the reticular activating system,
and elements related to the limbic system are located in the mid-
brain and were involved in the lesions. In 6 animals no lesions
were made in order to evaluate the effect of experimental time on
sequential cerebrovascular responses to altered PaCOz. During
hypercapnia autoregulation by cerebral vessels is lost and cere-
bral blood flow (CBF) is highly dependent upon the level of the
perfusion pressure. In order to separate the effect of lesions on
the CBF from a concommitant effect on blood pressure, perfusion
pressure-cerebral blood flow (PP-CBF) curves were obtained during
nommocapnia (N) and hypercapnia (H) twice during the control ex-
periments; and in N and'H before and after midbrain lesions in
the lesion experiments. Cerebral PP changes were obtained by
graded compression of the common carotids (CC) with the vertebral
(V) arteries occluded. The mean of the CC pressure distal to the
compression and the V wedged pressure was taken as cerebral PP.
The BCF was recorded by the supratentorial venous outflow method.
PP-CBF curves obtained before and after mesencephalic lesions,
either during (NPaCO, = 35.1#5.25 mm Hg) or H(PaCO, = 75.4+10.34
mm Hg) did not show significant differences. The mean post-
lesion CBF response [CBF(H) - CBF(N)] was found to be 0.83 of the
pre-lesion response (Conf. Lim. = 0.87-0.72). In the non-lesion
control experiments, the second CBF response was 0.86 of the
first (Conf. Lim: = 0.95-0.77). These CBF response ratio values
for the lesion and control experiments were not significantly
different. The results indicate that these midbrain lesions did
not have a significant effect on the cerebrovascular response to
increased PaCO, (75 mm Hg) within 60 minutes of lesion production.
Supported by NIH Grants NS 11953, H1 5392, and NS 06655.

MEDULLARY AND SPINAL LATERAL HORN NEURONS RESPONSIVE TO STIMULI
WHICH FORCE A CARDIOVASCULAR STATE-CHANGE. J. W. Manning and
S. J. Putnam.* Dept. Physiol., Emory U., Atl., GA 30322.

Little or no information is available on the concurrent beha-
bior of repetitively firing single units (RFNs) in the medullary
reticular vasomotor area and in the intermediolateral cells col-
umn following stimulation of one or more of the following sys-
tems: anterior hypothalamus, posterior hypothalamus and carotid
sinus nerve as well as stretch activation of baroreceptors by in-
travenous administration of noradrenaline (lug/kg). Experiments
were performed on ether induced, a-chloralose anesthetized cats
paralyzed with Gallomine triethiodide; activity of brainstem me-
dullary and lateral horn neurons was monitored extracellularly
by tungsten u-electrodes (7-11uF). Following suitable amplifica-
tion arterial pulse pressure, ECG, unitary responses and respira-
tory event were stored on magnetic tape. The RFNs studied at the
medullary level were in and around the stereotaxic coordinates
P - 10, L-3, 2mm below floor of fourth ventricle, those in the
lateral horn were at the T-1 level and identified as sympathetic
preganglionic through antidromic activation by stimulation of
the common vagosympathetic cervical trunk. The typical behavior
of medullary RFNs has been reported previously; spinal RFNs do
not fire with the characteristic burst pattern exemplified by
many medullary units. The spontaneous activity of spinal units
(ave. 6 per sec) has a lower frequency than that of medullary
RFNs (ave. 13 per sec). Interspike interval analysis as well
as post-stimulus histograms reveal a coupling of medullary and
spinal unit response behavior. Correlation analysis will be
sought between medullary and spinal RFNs with cardiac cycle.
(Supported by NIH Grant HL 16648-13).
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EFFERENT PROJECTIONS FROM NUCLEI OF THE SOLITARY TRACT IN THE CAT
A.D. Loewy and H. Burton. Dept. Anat. & Neurobiol., Wash. Univ.
Sch. Med., St. Louis, MO 63110.

Previous studies have shown that afferent fibers from the
cardiovascular, respiratory and other visceral systems terminate
in the commissural (Com), medial (Sm) and ventrolateral (Svl)
solitary nuclei. The solitary complex may be further subdivided
to include a lateral (Sla) and an intermediate (Int) nucleus.
The close proximity of these small nuclei and the heterogeneity
of the cell types in some of them (e.g. Svl) make it difficult
to analyze the efferent projections from this region with
degeneration techniques.

By using retrograde and anterograde labeling techniques we
have begun a systematic analysis of some efferent projections
from the solitary complex in the cat. Small quantities of
concentrated solutions of tritiated amino acids (50uCi/ul of
leucine and proline) were injected into portions of the
solitary complex through glass micropipettes. Our
investigations have been confined to those regions from
which activity related to respiratory or cardiovascular
functions have been recorded. Following a survival of 7
days and subsequent autoradiographic processing, several of
the efferent projections from the solitary complex have been
observed. After an injection centered over Svl, descending
fibers can be traced to the region of the phrenic motor
neurons in the C5-C7 segments of the spinal cord and to the
ventral tip of the thoracic ventral horn. Bilateral projections
could be traced to the ventral and lateral funiculi surrounding
the ventral horn. Ipsilateral projections were greater.
Connections could also be traced in the medulla bilaterally to
the retroambiguus, ambiguus, and retrofacial nuclei and contra-
laterally to the dorsal aspects of the paramedian reticular
nucleus. Projections were traced to the ipsilateral medial
accessory olive, rostral aspects of the dorsal motor nucleus of
the vagus, contralateral Com, Sm, and Int nuclei of the solitary
complex. Ascending connections were seen bilaterally in the
medial and lateral parabrachial nuclei and K&lliker-Fuse nucleus.

The location of retrogradely labeled neurons in the solitary
complex was also studied after injections of a 25% horseradish
peroxidase solution. Following injections into the lower
cervical and upper thoracic segments, medium sized neurons
were labeled bilaterally in Svl, Sm and Int. HRP injections
centered in medial accessory olive retrogradely label
ipsilateral Sla, whereas, injections in the region of n.
ambiguus label medium and large neurons in Svl.

(Supported by USPHS Grants NS09809 and NS12751)

FUNCTIONAL CATEGORIES OF UNMYELINATED FIBERS IN RAT VENTRAL
ROOTS. C.W. Maynard,* R.E. Coggeshall and T.B. Stubbs, III.
Marine Biomedical Institute and Department of Anatomy, Univ. of
Texas Medical Br., Galveston, Texas 77550.

We have previously identified large numbers of unmyelinated
fibers in rat ventral roots Tl-L2 and L6-S1, the same segments
that contain laf§e numbers of the smallest myelinated fibers.
The present experiments are aimed at determining the functional
categories of the unmyelinated axons in the L6 and S1 ventral
roots. Ventral rhizotomies were performed on rats at the L6
or Sl segments. After three days the animals were sacrificed
and the proximal and distal stumps of the cut root and the intact
ventral root from the opposite side of the animal were taken
for electron microscopic examination. To date, we have found
in seven rats that the proximal stumps of the L6 or S1 ventral
roots contain 70-80% as many unmyelinated axons as are found
in the normal root. These are assumed to be unmyelinated pre-
ganglionic fibers. Thus 20-30% of the unmyelinated axons are
missing from the proximal stump. We are in the process of
determining the functional categories of these axons, one
possibility being that they arise from dorsal root ganglion
cells and are sensory in nature.

This work is supported by grants DHEW GM 45916, NS 11255,
and NS 10161.
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ATTENUATION WITH ATROPINE IN THE BRAIN OF FEVER PRODUCED BY INTRA
VENOUS PYROGEN: EFFECT OF SYMPATHECTOMY OF THE EARS OF THE
RABBIT. B.J.C. Mutch*, K.E. Cooper and W.L. Veale, Division of
Medical Physiology, Faculty of Medicine, University of Calgary,
Calgary, Alberta, Canada T2N 1N4.

Atropine injected into a lateral cerebral ventricle and the
posterior hypothalamus of rabbits has been shown to attenuate
fever produced by intravenous injection of pyrogen or intracram-
ial prostaglandin E,. Atropine has been postulated to block the
febrile response by activation of heat loss mechanisms, such as
vasodilatation and an increase in respiratory rate. The present
investigation was undertaken to examine the effect of removal of
sympathetic innervation from the ears of rabbits, and hence elim-
inate their ability to vasoconstrict, on fever production and
its attenuation by intracerebral atropine.

Male New Zealand rabbits were anaesthetized, and fitted
stereotaxically with headplates or cannulae, to serve as guides
for microinjection into brain tissue or a lateral ventricle.

In half of the animals the auricular nerves were isolated and
cut. Several days later the animals were injected i.v. with
endotoxin derived from Salmonella abortus equi (SAEP) and atro-
pine sulphate was given in a lateral ventricle (200 ug/0.1 cc
CSF) or in the posterior hypothalamus (50 ug/nl). Body tempera-
ture was measured by means of a rectal probe, and ear tempera-
ture was recorded using a disc thermistor attached to an ear.

For a non-denervated rabb%t, ear temperature during a 1.5°C
fever dropped from 36.5 +1.5 C before the onset of fever, to
23 i}.SOC just prior to the peak of the fever, at which point
the ears rewarmed to their pre-fever temperature. However, for
a rabbit with sympathectomized ears, the ear temperature accom—
panying a similar fever remained 35.5 +2.0°C, without any
correlation with stages of the fever. In the non-denervated
rabbit, the ear temperature increased rapidly within 5 minutes
following the injection of atropine to 37.0 +1.5°C, and remained
relatively constant for the duration of the action of the drug.
When atropine was injected in conjunction with i.v. SAEP, the
changes in ear temperature reflected the inflwence of both-in
relation to their relative time of injection. However, in de-
nervated rabbits the ear temperature remained stable at 35.5
+2.0°C throughout the experiment, apparently independernt of - heat
loss or heat gain mechanisms which others have proposed to
accompany fever.

It appears, therefore, that denervation of the ears of rabbits
does not prevent fever, or the attenuation of fever by atropine.

Supported by the Medical Research Council of Canada. B.J.C.M.
is a predoctoral trainee of the Medical Research Council of
Canada.

RELATIONSHIP BETWEEN BARORECEPTOR SENSITIVITY AND CLASSICAL
CONDITIONED ARTERIAL PRESSURE RESPONSES IN CATS. Marc A.
Nathan, Walter H. Severini*, Lewis W. Tucker*, and Donald J.
Reis. Lab. of Neurobiol., Dept. of Neurol., Cornell University
Medical College, New York, NY 10021.

A common observation is that the magnitude of conditioned
arterial pressure (AP) responses is highly idiosyncratic. We
recently found enhanced conditioned pressure responses after
abolishment of baroreceptor reflexes produced by lesions of the
nucleus tractus solitarii (NTS) (Circulation II:144, 1976),
indirectly suggesting that the idiosyncrasy of conditioned AP
responses may relate to differences in baroreceptor sensitivity.
To test this hypothesis, we examined the correlation between
baroreceptor sensitivity and the magnitude of conditioned
pressure AP responses. Since lability of AP is also increased
in cats deprived of baroreceptor function (Circ Res 40:72-81,
1977), the relationship of lability to baroreceptor sensitivity
was also examined. Lesions were placed in the NIS in 5 of 11
cats tested. Baroreceptor sensitivity was assessed by calcula-
ting the slope of the curve relating the rise in AP, elevated
by norepinephrine, to the reflexively induced increase of
cardiac interbeat interval. Lability was measured by the
standard deviation of a frequency histogram distribution of AP
recorded when the cats were not being conditioned. The cats
were classically conditioned by presenting two tones of differ-
ent frequency for 10-60 seconds duration. One tone was immedi-
ately followed by delivery of electrical shock and the other
tone was never followed by shock. There was a significant
decrease in baroreceptor semsitivity in the cats with NTS
lesions (p<.05). However, within the group the effect of the
lesions was variable. When all cats were grouped, correlations
could be computed over a wider range of baroreceptor sensitivi-
ties than would be normally possible. We found a significant
inverse correlation between baroreceptor sensitivity and the
magnitude of the conditioned AP response (p<.05). A signifi-
cant inverse correlation was found between baroreceptor sensi-
tivity and the lability of AP (p<.05), and lability was posi-
tively related to the size of the conditioned AP response
(p<.01). The high correlation of baroreceptor sensitivity and
the magnitude of the conditioned AP response suggests that
baroreceptor sensitivity may be an important factor governing
the size of conditioned AP pressure responses. The correlation
of lability to the conditioned AP response is probably a
reflection of the close correlation between lability and
baroreceptor semsitivity.

(Supported by Grant HL18974-10 and a Research Career Develop-
ment Award HL00222-01 to M.A.N.).
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THE SPINAL CORD OF CAT AMD MONKEY BY THE HORSERADISH PEROXIDASE
TECHNIQUE. I. MNadelhaft, C. Morgan, T. Schauble* and W.C. de
Groat Dept. Meurosurg. % Pharmacol, Univ. of Pittsburgh School of
Med. and Veterans Administration Hospital, Pittsburgh, PA 15261

A 257 aqueous sclution of horseradish peroxidase (HRP) was ap-
plied to the central end of the transected whole pelvic nerve or
to the branch going to the urinary bladder. In some experiments
both nerves (bladder on one side, pelvic nerve on the other) were
exposed to HRP. The animals were kept under anesthesia during the
entire process which lasted between 24 and 48 hours, after which
they were sacrificed and perfused with fixative. Frozen sections
were processed using either diaminobenzidene or benzidene as the
enzyme suhstrate, mounted, and examined under dark field illumin-
ation. The neurons belonging to the nucleus formed a long, nar-
row band 1ying mainly along the lateral edge of the grey matter.
The highest concentration of labelled cells was in the second
secral segment but the longitudinal distribution had long tails
on either side of the peak making its total Tength 7-8 mm. When
the entire pelvic nerve was labelled, the cross-sectional aspect
of the nucleus appeared as a band 100-150 microns wide extending
for a length of about 1 mm from below the ventral extent of the
central canal to just under the dorsal horn, at which point the
band turned medially for about 300 microns. This medial exten-
sion was absent when only the bladder portion of the nerve was
exposed to HRP. 'hen diaminobenzidene was used, the cells and
some of their dendritic extensions appeared with white ‘granules
in the dark field microscope. However, the benzidene substrate
brought out additional features. In this case even the axons
were visualized. These were seen to come from the ventral root-
lets and pass near the edge of the ventral gray matter. The
labelled cells were either spindle shaped (30-50 microns long,
12-15 microns wide) or multipolar (15-36 micron diameter). Fre-
quently their dendrites could be followed for many cell widths in
the 42 micron thick sections. These extensions for the most

-part followed the direction of the band (as seen in the cross

section) but were sometimes observed to extend far into the white
matter. The number of labelled cells varied in different cats
from 700 and 1500. In the rhesus monkey preliminary results
indicate that the nucleus is smaller in cross-sectional size (200
micron diameter) and much longer (13 mm) than in the cat. It is
located at the lateral edge of the grey matter just under the
dorsal horn. The cells were similar in shape and size to those
found in the cat.

EDINGER~WESTPHAL NUCLEUS: PROJECTIONS TO MEDULLA AND SPINAL CORD.
C.B. Saper*, N.D. Yamodis*, and A.D. Loewy (Spon: H. Burton).
Depts. Anat. & Neurobiol. and Neurosurg., Wash. Univ. Sch. Med.,
St. Louis, MO 63110.

Recently we reported that. neurons in the Edinger-Westphal (EW)
nucleus may be retrogradely labeled with horseradish peroxidase
(HRP) after injections in the medulla or spinal cord (Anat. Rec.,
187: 640). We now present the results of an autoradiographic
study tracing these efferent projections from the EW nucleus.
Small injections of a mixture of tritiated amino acids were
made in the region of the EW nucleus and after 5 to 7 days
survival the brains and spinal cords were processed using the
autoradiographic method. Combined with the results of the
previous HRP experiments, these new data have allowed us to
trace the distribution of some of these fibers and their
terminal fields in the medulla and spinal cord. It appears
that the main region of termination in the caudal medulla is
in a well defined zone between the gracile and cuneate nuclei,
which has been previously shown to project to laminae I, IV
and V of the spinal cord by way of the lateralmost part of the
dorsal columns and the dorsolateral funiculus of the spinal
cord, adjacent to the dorsal horn (Burton and Loewy, '77).

The main pathways from the EW nucleus to the spinal cord in-
clude (i) some fibers described above in the DCN which continue
caudally in the ventralmost part and medial septum of the dorsal
column and (ii) other fibers which continue caudally along the
ventrolateral aspect of the spinal trigeminal nucleus in the
zone of the subtrigeminal nucleus and then through the region
between the dorsal horn and lateral cervical nucleus to curve
around the lateral surface of the dorsal horn. These EW fibers
appear to terminate primarily in laminae I and V at least as
far caudally as the lower thoracic spinal cord. These
experiments indicate that the traditional view of the EW
nucleus as merely a parasympathetic preganglionic nucleus
should be seriously questioned.

(Supported by USPHS Grants NS12751, GM02016 and NS05580).




78 CRYOGENIC BLOCKADE IN THE THALAMIC GATING SYSTEM PREVENTS VENTRIC-

ULAR FIBRILLATION IN THE ISCHEMIC MYOCARDIUM OF THE CONSCIOUS PIG.
J. E. Skinner and J. C. Reed*. Physiology Dept., Baylor College
of Medicine, Houston, TX 77030.

Previous work has shown that the psychologic stress of unfamil-
iar laboratory surroundings is necessary to initiate ventricular
fibrillation (VF) in the conscious pig following left anterior
descending coronary artery (LADCA) occlusion (Skinner, et al.,
Circulation, 51:656-667, 1975). Recent evidence has shown that a
tone reinforced by cutaneous shock will evoke slow potentials in
the frontal cortex, thalamic reticular nucleus and mesencephalic
reticular formation of the conscious cat (Skinner and Yingling,
Electroenceph. Clin. Neurophysiol., 40:288-296, 1976). Cryogenic
blockade in the pathway interconnecting the frontal cortex and
thalamus will abolish these evoked responses to the psychologic
stress (tone), but not to the physical stress (shock). The
conditioned cardiac response to the tone is also abolished by this
cryogenic intervention. Electrophysiological evidence indicates
that the frontocortical and mesencephalic projections to the
thalamic reticular nucleus, a structure which is itself inhibitory
on the thalamic relay nuclei, together regulate the thalamic input

to cerebral cortex (Skinner and Yingling, Prog. Clin. Neurophysiol.,

1:30-69, 1977).
appears to mediate the selective gating associated with
whereas the mesencephalic reticular-thalamic reticular system
regulates the more generalized gating associated with "orienting
reactions." 1In conclusion, a single intervention in the fronto-
cortical-thalamic gating system will prevent the selective

input to the cortex of a meaningful sensory stimulus and the
consequent cardiac response to it. Our hypothesis for the present
study, derived from the above neurophysiological evidence, is

that intervention in the frontocortical-thalamic reticular path-
way will prevent the onset of VF in the ischemic myocardium of

the psychologically stressed animal. We found in the chronic pig
preparation, stressed by being unadapted to the laboratory, that
ventricular fibrillation will occur within 14 min following LADCA
occlusion, but if the neural connections between the frontal
cortex and thalamic reticular nuclei are blocked cryogenically,
then the VF will be postponed or even prevented. Cryogenic block-
ade in control structures near the frontocortical-thalamic retic-
ular pathway produced no effect on VF latency.

The frontocortical-thalamic reticular system
"

80 CALCIUM DEPENDENT POTENTIALS IN TIIF RAT SUPERIOR CERVICAL
GANGLION. Paul Yarowsky and Donald A. McAfee. Dept. Physiology
and Biophysics, Univ. of Miami Sch. of Med., Miami, Fl. 33152.

Recent studies, especially in invertebrate nervous systems,
havs established that action potentials can trigger changes in
Ca’ conductances which in turn alters membrane potential directly
or indirectly by triggering conductance changes to other ions. Few
observations have been made in mammalian nervous systems
1dent1fy1ng similar phenomena; our studies contribute to the idea
that Ca® plays a direct role in control of membrane potential.
Postganglionic neurons were impaled under direct visualization
with KAc and KCl electrodes (40-80 Megohms). The 150 neurons in
this study had an average spike height of 74mV, input impedance of
48 Megohms, time constant of 4.1 msec, and a resting membrane
potential of -6ImV. Following an action potential elicited
synaptically or directly, an afterhyperpolarization (AHP) occured
with an average peak amplitude of 8mV, total duration of 300 msec,
and a 30% decrease in input impedance. The reversal potential of
the AHP was -85mV. Following one second of tetanic synaptic
stimulation (30Hz) the duration of the AHP was greatly increased
(avg. 1700 msec) with little change in amplitude. The tetanic AHP

_ showed the same reversal potential and resistance change as the
single synaptic or direct AHP. The magnltude and duration of the
AHP varied directly with the external [ Ca ]under conditions where
resting membrane potential and input unpedance remained unchanged.
Several divalent cations Ba' ', Co' , & Mn** (1-5mM) and D-600
(20ym) added to the normal Locke greatly reduced the amplitude and
duration of the AHP without complete blockade. Tetraethylammonium
(50M) and 4-aminopyridine (3mM) increased the duration of the
action potential but had little effect on the AHP. Theophylline
(2.50M) greatly augments the duration of the AHP. Ro20-1724, a
non-methylxanthine phosphodiesterase inhibitor had no effect on
the AHP. Prostaglandin E| (100nM) depressed both the amplitude and
duration of the AHP.

Depolarizing pulses in the presence of TTX elicited a
regenerative depolarizing potential as well as an AHP. ° The
amplitudes gf both potentials were directly proportional to
external[Ca® The regenerative potential was most prominent
when TEA was also present, and had a threshold of -40mV. The AHP
occured with a decrease in input impedance and had a reversal
potential of -87mV. Both potentlals in TTX were blocked by Co ',
but only the AHP was blocked by Ba **. The magnitude of the AHP was
proportional to the strength and duration of the depolarizing
pulses. It appeared that the regenerative potential but not the
ABP inactivates. We support the hypothesis that post- gangllonlc
eeurons have a potent1al sensitive Ca conductance and a K'
eonductance which is mediated by Ca Supported by USPH grants NS
7044, NS 11552, & NS 05820.

attention"
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79 EFFECTS OF BICUCULLINE AND THIOSEMICARBAZIDE ON INHIBITION.OF

REFLEX AND SPONTANEOUS SYMPATHETIC NERVE POTENTIALS IN THE CAT.
D. G. Taylor, K. A. Arbour* and M. J. Antonaccio*. Res. Dept.,
Pharma. Div., CIBA-GEIGY Corp., Summit, N.J. 07901.

A study was made in the a-chloralose-anesthetized cat of the
effects of the Y-aminobutyric acid (GABA) receptor antagonist,
bicuculline (BIC) and the GABA synthesis inhibitor, thiosemi-
carbazide (THIO) on the inhibition of spontaneously occurring
and somatosympathetic reflex (SSR) induced potentials elicited
in the splanchnic and renal nerves. SSR potentials, traveling
through medullary pathways, were evoked by stimulation of affer-
ent fibers in a sciatic nerve. Inhibition of spontaneous and
SSR reponses was evaluated either during high-frequency (50 Hz)
stimulation of the medial medullary depressor region (MDR) or
during baroreceptor reflex activation resulting from the hyper-
tensive response to norepinephrine (1-6 ug/kg, iv). BIC (0.1
and 0.3 mg/kg, iv) and THIO (100 mg/kg, iv) produced near total
blockade of the MDR-induced inhibition of the SSR. At this time
BIC and THIO did not alter baroreceptor-induced inhibition of
SSR responses. Blockade of the MDR-induced inhibition commenced
2-5 mins. after injection of BIC and persisted for 30-60 mins.
Effects of THIO were maximal 120 mins. after administration.
Following BIC or THIO the spontaneous discharges changed from
typical cardiac-locked components to sharply spiked activity of
larger amplitude exhibiting no apparent relationship to the
cardiac cycle. Baroreceptor reflex and MDR activation either
completely inhibited these spikes or decreased the spike ampli-
tude and/or frequency of occurrence. The results demonstrate
that (1) MDR-induced inhibition of SSR potentials is markedly
antagonized by two agents known to interfere with GABAergic
transmission, while baroreceptor reflex effects are not changed
and (2) spontaneously occurring discharges are altered by GABA
antagonism; however, MDR- and baroreceptor-induced inhibition
of these spikes remained functional.
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AXONAL TRANSPORT OF CYTOSKELETAL PROTEINS TO THE PRESY-
NAPTIC TERMINALS IN THE GUINEA PIG VISUAL SYSTEM. Mark M.
Black* and Raymond J. Lasek (SPON: Marcus Singer). Dept. Anat., Case
Western Reserve Univ., Cleveland, Ohio 44106.

The axonal cytoskeleton, which includes microtubules, neurofilaments
and microfilaments, is transported slowly from the cell body towards the
axon terminals. The movement of the cytoskeleton and its turnover in the
presynaptic lermingls has been studied in terms of the individual cyto-
skeletal proteins. “H-lysine was injected into the eyes of adult guinea
pigs and the animals were sacrificed 6 to 77 days later. The labeled pro-
teins in the superior colliculus (sup. coll.) and in consecutive 3mm seg-
ments of the optic nerve and tract were resolved by SDS-polyacrylamide
gel electrophoresis.

The results show that the neurofilament proteins (NFP) and the micro-
tubule protein (tubulin) are transported in a slow component (SCa) at
0.5mm/day. The microfilament protein (actin) and its associated proteins
are transported in a separate component (SCb) at 1-2mm/day. The bulk
of SCb enters the sup. coll. between days 11 and 25 post injection. During
this period SCb proteins accumulate in the sup. coll., (apparently within
the axon terminals). These proteins then remain there for weeks, and
significant amounts are found even 77 days post injection (Fig.). In con-
trast, SCa proteins (which begin entering the sup. coll. on days 40-45 post
injection) do not accumulate (Fig.) but turnover within a few days of en-
tering. Since actin and its associated SCb proteins reside in the axon ter-
minals for weeks it is likely that these cytoskeletal proteins are important
constituents of the presynaptic terminal and are thus involved in transmit-
ter release.

Figure. This fluorograph
shows labeled SCa proteins
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MORPHOLOGIC ANALYSIS OF UPTAKE AND RETROGRADE TRANSPORT OF PER-
OXIDASES BY AXONS, Ann H. Bunt and Richard H. Haschke. Depts. of
Ophthalmol, and Anesthesiol., Univ. of Wash., Seattle, WA 98195,

The retrograde axonal transport of horseradish peroxidase
(HRP) in the rat visual system is highly specific., Thus, of a
number of proteins examined, only the basic isoenzymes "C" and
"B" but not a mixture of the acidic isoenzymes "A" of HRP are
taken up by axons of retinal ganglion and dorsal lateral
geniculate cells and transported retrogradely to their somata,
The molecular features of the enzymes which might underlie this
specificity have been examined using biochemical and morphologic
techniques. Substitution of the positively charged amino groups
on isoenzyme C with negafive carboxyl groups by succinytation
changed the isoelectric point (pl) from 8.1 to 4.0 without
affecting the sugars or enzyme activity and caused noticeable
depression of retrograde transport. However, a basic pl is not
the sole requisite for retrograde transport since a peroxidase
Isolated from turnip (courtesy of Dr. G. Mazza) possessing
a similar carbohydrate composition and molecular weight, with

a pl of 11,6, and also cationized A isoenzymes (approximately
neutral pl) were .not transported., The turnip peroxidase did
cause striking filling of neuronal somata and processes for

long distances away from the injection sites. Peroxidase obtain-
ed recently from local horseradish roots have yielded two

- distinct acidic isoenzymes. The more basic of the two (Ap;

pl = 4.9) shows no detectable retrograde transport, while
the: more acidic isoenzyme (Aa; pl = 4.2) shows weak to medium
transport. Lactoperoxidase (pl = 8.0) and one batch of Sigma HRP
VI (65C-9530-1) also are not transported. Removal of calcium
from isoenzyme C followed by carboxy! group modification caused
significant depression of enzyme activity (2400 to 300 units/mg)
but did not affect retrograde transport, indicating that very
low levels of enzyme activity are detectable by our light
microscopic methods. E.M. of superior colliculus and visual
cortex around the injection sites after various time infervals
revealed the uptake of HRP isoenzymes C, Ap, and Aa, lactoperox—
Idase and turnip peroxidase into synaptic and coated vesicles
end fine ftubules of the synapses. Only HRP isoenzymes C and A,
were found in multivesicular bodies in synapses and axons,
or within membrane-bounded granules in neuronal somata. The
Sigma VI (65C-9530-1) did not enter any of these membraneous
conpartments, Thus, while many proteins enter the vesicular
organel les associated with neurotransmitter recycling in synap-
se8, only the HRP isoenzymes C and Aa enfer the vesicles
responsible for retrograde transport in axons, The roles played
by the Individual sugar moities and protein conformation in this
specificity are currently under investigation. (Supported by NIH
Grants EY 01756 and 01311 and GM 15991).
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82 ANTEROGRADE AXONAL TRANSPORT OF PEROXIDASE: HOW SIGNIFICANT?
R. D. Broadwell and M. W. Brightman*. NIH, Bethesda, MD 20014.

Using the neurosecretory system of the mouse hypothalamus as
an example, the anterograde transport of exogenous horseradish
peroxidase (HRP) in undamaged neurons has been investigated by
electron microscopy under normal and experimental conditions.
Cerebral ventriculo-cisternal perfusion of 10 ul of a 30% HRP
mixture resulted in a rapid diffusion of the protein throughout
the brain. The posterior pituitary, however, consistently ap-
peared devoid of reaction product extracellularly at all survival
times ranging from 5 mins to 48 hrs. By 12-24 hrs, perikarya of
the neurosecretory neurons in the supraoptic and paraventricular
nuclei were heavily labeled with HRP, due to direct pinocytotic
activity of the cell bodies and dendrites and to retrograde
transport in axon collaterals situated outside the posterior pi-
tuitary. Between 6 and 48 hrs post-injection, very few neuro-
secretory axons and terminals contained HRP-labeled organelles.
These organelles consisted of tubular profiles of smooth endo-
plasmic reticulum (ER) and dense bodjes. The latter were, like
neurosecretory granules, about 2000 A-wide. The paucity of la-
beled organelles transported anterogradely in the pituitary
stalk axons stands in sharp contrast to the large number of HRP-
labeled organelles within these same axons labeled retrogradely
following vascular injection of the protein.

In an attempt to increase the anterograde flow of peroxidase
in the neurosecretory system, 6 mice were dehydrated by having
them drink a 2% NaCl solution for 5 days prior to ventricular
perfusion of HRP. The animals were then fixed 12-24 hrs post-
injection. In each case, the anterograde transport of HRP-
labeled organelles in the pituitary stalk axons was markedly in-
creased. The majority of axons in the pituitary stalk and many
terminals in the posterior pituitary contained numerous HRP-
labeled smooth ER and 2000 A-wide dense bodies. The large number
of labeled organelles in the pituitary stalk axons of NaCl-
treated animals rivaled that found in retrograde transport in
stalk axons of vascular injected mice. The labeled 2000 A-wide
dense bodies are probably lysosomes and not neurosecretory gran-
ules. The number of these labeled organelles did not diminish
and no reaction product was seen extracellularly in the posterior
pituitary in response to hemorrhage, a potent stimulus for hor-
mone release from the posterior pituitary.

These results suggest that, normally, anterograde transport of
HRP in undamaged neurons is negligible. The bulk of exogenous
peroxidase that enters the perikaryon remains there for eventual
degradation. In instances of severe physiological stress, anter-
ograde transport of HRP may be increased. Such an increase could
reflect an added need for degradative organelles in the more dis-
tal compartments of the neuron.

84 SELECTIVITY AND KINETICS OF PEROXIDASE UPTAKE BY SYNAPTOSOMES AND
NEUROBLASTOMA CELLS. Kwan Y. Chan*, Ann H. Bunt, and Richard H.
Haschke (SPON: W.K. Dong). Dept. of Anesthesiology, and Ophthal-
mology, University of Washington, Seattle, WA 98195.

To investigate further the selectivity of uptake and retrograde
axonal transport of horseradish peroxidase (HRP) observed in the
visual system, the uptake of various peroxidases into rat brain
synaptosomes and differentiating mouse neuroblastoma N18 cells
were studied. When synaptosomes were incubated with HRP iso-
enzyme C (HRP-C) (2 mg/ml) at 30°C for 15 to 30 min, the cyto-
chemical reaction product of the peroxidase was observed on the
surface of synaptosomes and inside synaptic vesicles, coated
vesicles, multivesicular bodies, and vacuoles. When differen-
tiating N18 cells were incubated with the same concentration of
HRP-C at 37°C, peroxidase was found first on the cell surface and
appeared in coated pits and endocytic vesicles (0.1 u) within the
first few minutes. By 5 min, peroxidase was found in vacuoles
(0.3 to 0.5 ), and by 15 to 20 min, in various homogeneous and
heterogeneous dense bodies of similar sizes. The presence of
peroxidase inside these structures was readily demonstrated in
both neurites and soma of the cell. HRP isoenzyme A, succinyl-
ated HRP-C, Sigma HRP type VI (lot 65C-9530-1, which is not
taken up nor transported retrogradely by the visual system), and
to a lesser extent, periodate-borohydride-treated HRP-C (pb-HRP-
C), were also taken up into similar structures of synaptosomes
and N18 cells. However, turnip peroxidase, lacto-peroxidase and
cationized ferritin were generally not incorporated into the
various membraneous structures of synaptosomes and N18 cells
under similar conditions of incubation. Thus, although synapto-
somes took up the different HRP's, presumably through synaptic
vesicle membrane recycling, while N18 cells ingested HRP's
through endocytic-lysosomal activity, these two systems expressed
identical membrane selectivity of peroxidase uptake in vitro.
This selectivity, however, deviates. from the selectivity of
peroxidase uptake expressed by several axon types of the visual
system in vivo with respect to Sigma HRP type VI (lot 65C-9530-
1). We conclude that neuronal membranes in an in vitro environ-
ment may be altered so that subtle changes in HRP molecules may
not be operant in influencing uptake, but that selectivity
against uptake of proteins with greater molecular differences
is still maintained.

(Supported by NIH grants EYO 1756 and 1311, and GM 15991)
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MAYTANSINE INDUCED BLOCK OF AXOPLASMIC TRANSPORT AND MICRO-
TUBULE LOSS. B. Ghetti and S. Ochs. Depts. of Pathology and
Physiology, Indiana University School of Medicine, Indianapolis,
Indiana 46202.

As part of our interest in the relation of axoplasmic trans-
port to microtubules in a proposed transport filament model, the
action of maytansine (MTS), an ansa macrolide which binds to
tubulin, was studied. The action of MTS was compared with other
agents, also under study, e.g. colchicine, vinca alkaloids,
batrachotoxin (BTX). An investigation of the effect of MTS on
both axoplasmic transport and on the axonal microtubules was
carried out. Because the perineurial sheath is an effective
permeability barrier, the desheathed cat peroneal nerve prepara-
tion was used (Ochs, Worth and Chan, Abst. Soc. Neurosci., this
meeting, 1977). The L7 ganglia were injected with 38-leucine
and 2 hours of downflow allowed before the nerves were removed,
the peroneal nerve desheathed over a length from 40 to 130 mm
from the ganglion and these nerves placed in flasks containing
35-70 uM MTS in lactated Ringer for 2 to 4 hours of in vitro
downflow. After this period of time a 15 mm portion of nerve
was removed from the end, fixed in 5% glutaraldehyde and pro-
cessed for electron microscopy. The remainder of the nerve was
used to determine the outflow of the labelled activity and thus
to characterize the effect of MTS on axoplasmic transport.

A marked reduction of transport was found at the shorter
times with 70 puM MTS while nerves exposed to 35 uM showed a
smaller decrease of transport. On a comparative basis, MTS
appeared to be somewhat less potent than vinblastine and vinde-
sine in blocking axoplasmic transport and much less potent than
BTX. Ultrastructural examination of myelinated axons showed a
substantial decrease in the number of microtubules in the nerve
fibers exposed to 70 uM of MTS. In the unmyelinated fibers,
where normally microtubules are relatively more prominent, their
disappearance was even more dramatic. An occasional microtubule
could be seen in fibers on careful searching; however, the
majority of microtubules have disappeared. Microtubules also
disappeared from the Schwann cells., Within the nerve fibers,
especially the unmyelinated ones, microfilaments appeared to be
intermingled with a greatly increased amount of amorphous
floccular material. Only a minor loss of microtubules was seen
in nerves exposed to 35 uM MTS at shorter times with more loss
at the longer times. To show the suggested relation of trans-
port block to decrease of microtubules at concentrations in the
range of 35-70 uM of MTS as a function of time, microtubular
counts are being correlated with the degree to which the trans-
port is diminished. Supported in part by NIH grants PHS SO1 RR
5371 and PHS RO1 NS 8706-08; and NSF grant BNS 75-03868-A03.

BIOCHEMICAL REQUISITES OF HORSERADISH PEROXIDASE ISOENZYMES
RELATED TO RETROGRADE AXONAL TRANSPORT. Richard H. Haschke and
Ann H. Bunt. Departments of Anesthesiology and Ophthalmology,
University of Washington, Seattle, WA 98195

The uptake and retrograde transport of exogenous proteins by
axons is a selective process which may involve specific biochemi-
cal interactions between the neuronal cell membrane and the pro-
tein being taken up. The aim of this biochemical study is to
determine what biochemical parameters regulate the uptake and ret-
rograde transport of horseradish peroxidase (HRP). By studying
various isoenzymes of HRP, chemically modified forms of HRP, and
other similar peroxidase enzymes, we are attempting to better
understand this selective recognition process. Initially a clear
correlation seemed to exist between the isoelectric point (pI)
and the retrograde transport of various proteins. However, more
recent experiments have demonstrated that indeed one acidic iso-
enzyme of HRP is also transported retrogradely. The basic and
acidic isoenzymes all contain essentially identical sugar moieties
consisting of N-acetylglucosamine, mannose, fucose, xylose, and
arabinose. Both transporting and non-transporting isoenzymes of
HRP have molecular weights of ca. 44,000 and exist in the mono-
meric form. Amino acid analyses performed on the peroxidase iso-
enzymes indicate that the basic and acidic isoenzymes are similar
in composition and most likely differ in the isoelectric point
because of a large difference in the content of amide groups.
Titrations under denaturing and non-denaturing conditions have
indicated that the free carboxyl content of the two proteins dif-
fers markedly and show structural differences as based on the
reactivity of the carboxyl groups. HRP has also been shown to
contain two moles of bound Catt per mole of enzyme. Removal of
catt from HRP results in 50% decrease in enzymatic activity with
the C isoenzyme and 90% decrease in activity of isoenzyme A.
Addition of Ca’™ free HRP results in complete reconstitution and
return of enzymatic activity with the C isoenzyme. In contrast,
the A isoenzyme does not recombine with ca*™ and does not regain
enzymatic acitvity. Exchange of catt containing HRP isoenzymes
with free Catt results in rapid and complete exchange with isoen-~
zyme C, but essentially no detectable exchange with isoenzyme A.
These differences between isoenzymes C and A with respect to Ca
reconstitution and exchange suggest definite structural differ-
ences between these proteins. We propose that the biochemical
basis of selective recognition of certain proteins by axons may
not depend simply on the presence of carbohydrate and a basic pI,
but may be related to a specific conformation which exposes cer-
tain groups to the cell membrane in the proper configuration for
the recognition and uptake into retrogradely transported vesicles
to occur. (NIH grants EYO 1756 and 1311, and GM 15991)

86 A NEW SPECIFIC, SENSITIVE AND NONCARCINOGENIC REAGENT FOR THE

DEMONSTRATION OF HORSERADISH PEROXIDASE(HRP). Jacob S. Hanker,
Peggy E. Yates*, Carol B. Metz*, Keith A. Carson, Alan Lighgr
and Aldo Rustioni, Dent. Res. Ctr., Neurobiol. Progr., Depts: of
Anat. and Physiol. UNC, Chapel Hill, N.C. 27514

In the course of studies of the formation of artificial mela-
nin-like polymers it was found that the peroxidation of p-phenyl-
enediamine (PPD) was greatly accelerated by the presence of
pyrocatechol (PC). The copolymer formed as a result of this
oxidative coupling reaction was insoluble, conformed well to
biological ultrastructure, and gave a bluish color more intense
than that obtained with 3,3-diaminobenzidine (DAB). It was also
osmiophilic. Peroxidation of the individual components resulted
in unsatisfactory staining.

The reagent mixture (1:2 proportion of PPD to PC)! outperform-
ed DAB as an indicator for the demonstration of HRP in mammalian
cells including neurons and supporting cells. It is more sensi-
tive to and specific for plant hydroperoxidases or oxygen trans-
ferases than the corresponding mammalian enzymes. Thus there is
less interference due to erythrocytic hemoglobin or erythrocytic
or endogenous cytoplasmic catalases and peroxidases than when DAB
is employed. Its superiority for demonstrating HRP in phagosomes
of many cell types including Schwann cells was shown. In proxi-
mal convoluted tubular epithelial cells, histiocytes, macro-
phages, osteoclasts and Schwann cells, the HRP sequestered by the
limiting membranes of phagocytic vacuoles was much more clearly
demonstrated with PPD-PC! than with DAB. In retrogradely labelled
neurons of the ventrolateral nucleus of the thalamus, dorsal
column nuclei and spinal cord, the reaction product was signifi-
cantly more intense with 15 min. PPD-PC! incubation than with 30
min. DAB incubation after 30% HRP injections in motor cortex and
n. ventralis posterolateralis of thalamus of cats and rats.

Likewise in single primary afferent fibers labelled by antero-
grade transport of intracellularly injected HRP, the reaction
product produced by PPD-PC! was more readily visible than tissue
reacted with either DAB or tissue pre-treated with CoCly followed
by reaction with DAB (J.C. Adams, Neuroscience 2, 141-145, 1976).

Supported by NIH grants DE 02668, DE 00288, RR 05333, NS
12440, and NS 05526.

1Although these compounds are noncarcinogenic, they are skin
irritants and it is advisable to use the stable premixed reagent
which is available from Polysciences, Inc., Paul Valley Indus-
trial Park, Warrington, Pa., 18976 USA.

FAST AXONAL TRANSPORT OF GLYCOPROTEINS: COMPLETE INHIBITION BY
COBALT IONS. Pierre-Andre Lavoie* and Richard Hammerschlag. Div.
of Neurosciences, City of Hope Nat. Med. Ctr., Duarte,CA 91010.
Glycoproteins labelled with [°H]fucose or [°H]glucosamine
undergo axonal transport at the same fast rate as proteins marked
with radioactive amino acids. Among a variety of preparations,
this was shown in vitrq in the bullfrog spinal-sciatic nerve com-
plex (Edstrom & Mattsson,J.Neurochem.19:1717, 1972), and_confirm-
ed in a similar preparation in the present study. With [SH]fucose
and [3H]glucosamine as precursors, accumulation of TCA-insoluble
radioactivity proximal to a ligature 20 mm from the ganglion
reached a maximum in 18 h. Maximal accumulation of protein la-
belled with [3H;1euc1ne was also observed at 18 h. The maximal ac-
cumulation of [3H]glycoprotein at the ligature differed, however,
from that seen for total [3H]protein; a peak ratio (net accumula-
tion at ligature: plateau level) of 6_was observed with carbohy-
drate precursors compared to 9 with [3H]leucine, Given that the
transport rate is similar for [3H]leucine- or [3H]carbohydrate-
labelled proteins, this difference may suggest that relative to
the total pool of protein undergoing axonal transport, glycopro-
teins are preferentially removed from the transport system in non-
synaptic regions of the axon. The effect of cobalt on glycopro-
tein transport was then examined as part of our continuing study
of the calcium requirement for fast axonal transport of protein
(Hammerschlag,Chiy,& Dravid, Brain Res.114:353,1976). While the
amount of total [°H]protein transport was blocked by 80-90% in3an
incubation medium containing 1.8 mM CoCl12, the inhibition of [’H]
glycoprotein transport was essentially 100% under similar condi-
tions. This blockage of glycoprotein transport was seen by the
absence of accumulated radioactivity proximal to a ligature on the
8th spinal nerve, as well as by the lack of observable radioactiv-
ity in those segments of non-ligated 9th spinal and sciatic nerve
corresponding to the plateau and crest regions of radioactivity in
the contralateral control nerve. Thus, the residual protein mate-
rial that is transported in the presence of cobalt does not con-
tain fucose or glucosamine and may not be glycoprotein in nature.
The effect of cobalt on glycoprotein transport seems not to be a
result of inhibition of grotein glycos gation as judged by the
total incorporation of [3H]fucose and { Hlglucosamine into TCA-in-
soluble materials. In previous experiments, cycloheximide was uti-
Tized to show that cobalt was also not affecting transport by
blocking protein synthesis. In 1ight of the proposal of a calcium-
dependent,cobalt-sensitive step in the initiation of fast axonal
transport of protein, the present findings imply that this step
occurs following protein glycosylation and prior to the onset of

translocation of proteins via the transport system.
(Supported by MRC of Canada Fellowship (P.-A.L.), and by NSF

Grant BNS75-17640.)



89 AXONAL TRANSPORT OF I 3H] PROTEINS IN RAT BRAIN
NORADRENERGIC NEURONS. Barry E. Levin* (SPON: S.D. Cook).
Department of Neurosciences, Veterans ministration Hospital, East
Orange, NJ 07019 and New Jersey Medical School, Newark, NJ 07103.

Axoplasmic transport of proteins was studied in the noradrenergic
pathway from the locus coeruleus (LC) to the hypothalamus, of the rat
using [*H] leucine,injected stereotaxically into the LC. H ] protein
synthesized from [ Hileucine was transported in four waves through the
hypothalamus at rates of 96, 48, 26 and 1-2 mm/d (waves I, II, IIl and IV
respectively). Specificity of transport within catecholamine neurons
was demonstrated by 6-hydroxydopamine lesions of the LC-
hypothalamic pathway which blocked transport of all four waves, while
a fifth wave of uncertain origin, was not blocked. Such lesions cause a
blockade of orthograde dopamine-B - hydroxylase transport as
demonstrated by immunofluorescent histochemistry and a 30% decrease
in enzyme activity in the ipsilateral frontal cortex without change in
hypothalamic levels. Waves I and II correspond in rate to those for
fucosyl glycoproteins (Brain Research, in press) and wave II, to the rate
of norepinephrine transport in this model (Brain Research, 120: 303,
1977). The various. waves have different properties by ion exchange
chromatography suggesting the heterogeneity of transported proteins in
each wave.

[ AXONAL TRANSPORT OF CHOLESTEROL AFTER INTRAOCULAR INJECTION OF
MEVALONIC ACID. John A.P. Rostas* and Peter L. Jeffrey*,
(Spon: J.C. Blosser) Dept. of Psychobiology, Univ. of Cali-
fornia, Irvine, Ca. 92717 and Dept. of Neurology, Baylor Col-
lege of Medicine, Houston, Tx. 77030.

After the injection of labeled mevalonic acid, a metabolic
precursor of cholesterol, into the eye of young chickens, both
the fast and the slow phase of axonaly transported radioacti-
vity can be detected at the contralateral optic tectum. Seven-
ty five percent and ninety two percent of the radioactivity in
the fast and slow phases respectively, was recovered in the
free cholesterol. After the injection of labeled cholesterol
into the eye, radioactive cholesterol was axonaly transported
only at the slow rate: no fast rate of cholesterol transport
could be detected (Rostas et.al. (1975) J. Neurochem. 24:295-
302). Therefore, in the chick optic system, cholesterol is
axonaly transported in two phases, which appear to take their
cholesterol from different cellular pools. The fast phase
appears to be specific for newly synthesized cholesterol where-
as the preformed, endogenous cholesterol can readily exchange
with the transport pool for the slow phase. Because these
two pools for transport phases can be selectively labeled,
the retina and optic nerve provide a unique model system in
which the metabolic turnover, intracellular compartmentaliza-
tion, and intracellular transport of cholesterol can be studi-

.
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DEPENDENCE OF AXOPLASMIC TRANSPORT ON CALCIUM SHOWN IN THE DE-
SHEATHED PERONEAL NERVE. Ochs, S., Worth, R.* and Chan, S. Y.*
Department of Physiology and Medical Biophysics Program, Indiana
University School of Medicine, Indianapolis, Indiana 46202.

On the basis of the transport filament hypothesis for fast
axoplasmic transport, we would expect Ca and perhaps Mg to play
an important role. Prior studies showed an apparent lack of
effect of Ca-free media on axoplasmic transport in vitro. The
perineurial sheath acts as an effective permeability barrier
for a number of materials and resists changes of the ionic con-
centration in the extracellular fluid held within it. A de-
sheathed nerve preparation was developed to assess the effect
of different ionic compositions in the medium on axoplasmic
transport. The peroneal branch of the sciatic nerve was de-
sheathed from about 35 mm down to about 130 mm from the L7 dor-
sal root ganglion. This permitted a relatively long length of
desheathed nerve to be exposed to a given medium for over 4 hrs
of downflow in vitro. The L7 dorsal root ganglia were injected
with 3H-leucine and 2 hrs of downflow in vivo allowed before the
sciatic nerves were removed. The peroneal branch of the
sciatic nerve was desheathed and the tibial branch left intact
as a control. The nerves were placed in flasks containing 20 ml
of medium, either lactated Ringer, or isotonic NaCl or sucrose
with or without Ca added. The solutions were vigorously bub-
bled with 95% 02 + 5% COp at 38°C. With Ringer or with 5 mM
CaCl, present, transport in the desheathed branch compared
favorably with that seen in the sheathed branch. The crest was
not as prominent but otherwise the usual rate of transport of
410 mm/day was maintained. When Ca was removed from the medium,
transport in the desheathed peroneal branch fell off and failed
completely within approximately 2 hrs. Mg was not able to
substitute for Ca in supporting transport. We consider that
the removal of Ca from the medium causes the level of ionized
Ca in the fibers to fall below a critical level required to
maintain transport. A Ca-binding protein, sequestration of Ca in
mitochondria and possibly also in the endoplasmic reticulum, Na-
Ca exchange carrier and a Ca-pump in the membrane are all
possible mechanisms acting to maintain free Ca at the level re-
quired for axoplasmic transport. With higher concentrations of
Ca present in the in vitro medium, the rate of axoplasmic trans-
port was gradually decreased. With isotonic Ca, block occurred
within 1-2 hrs. An augmentation of Ca in the fibers could
interfere with axoplasmic transport by blocking the same mecha-
nism affected by removal of Ca, or altermatively, by some other
action on the microtubules. Supported in part by the NIH grant
PHS RO1 NS 8706-08 and the NSF grant BNS 75-03868-A03.

RAPID PARTICLE TRANSPORT IN AXONS FROM DECAPOD CRUSTACEANS.
Richard S. Smith. Dept. Surgery, Univ. Alberta, Edmonton,
Canada.

A search has been made among the invertebrates for large
diameter, non-myelinated axons in which the rapid axoplasmic
transport of optic#lly detectable particles takes place. In
general, the peripheral nervous systems of the decapod crustacea
provide suitable preparatioms.

Single "giant" motor axons were dissected from nerve trunks of
the walking legs of several genera of crabs, two species of
lobsters and the crayfish Pacifastacus. The axons were viewed in
saline filled chambers by darkfield and Nomarski microscopy. All
nerve fibers showed a sub-axolemmal system of axially oriented
filaments which individually were up to 50 pm in length. These
corresponded in position to the circumferential mitochondria and
smooth endoplasmic reticulum seen by thin-section electron
microscopy. The sub-axolemmal filaments were stationary. The
core of the fibers contained long filamentous bodies, rods of a
few pm length and sub-micrometer particulate bodies. All classes
of bodies detected in the core of the axons showed some form of
motion, however, the particulate bodies had the most regular
motion and were the most rapidly moving. All nerve fibers con-
tained proximally (somatopetally) moving particles with average
velocities of about 1 pm/sec at room temperature. Values for
these velocities are given as means (pm/sec) SD with the number
of determinations in parentheses followed by the temperature in
OC: Carcinus meanus, 1.08 * 0.28 (65), 19.5-20; Homarus
vulgaris, 1.01 = 0.30 (58), 19-20; Pacifastacus trowbridgeii,
1.04 0.39 (92), 21-22. The velocities of proximally moving
particles in C. meanus and H. vulgaris had a Qg of 2.3 and 3.0
respectively over the range of 16-279C. Distally (somatofugally)
moving particles were always fewer than proximally moving ones;
their number was variable and some axons contained no detectable
distally moving particles. Their velocities were less than those
of proximally moving particles, these were, with the convention
as above: C. meanus, 0.40 % 0.10 (40), 19.5-20; H. vulgaris,
0.34 £ 0.127(20), 19-20; P. trowbridgeii, 0.40 +0.12 (39), 21-
22. The Qjq for the velocity of distally moving particles was,
in C. meanus, 2.1 and in H. vulgaris, 1.9.

Particle transport in these axons is unique in that material
moves faster somatopetally than somatofugally.

(Supported by the Medical Research Council of Canada.)
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TWO-DIMENSIONAL MAPPING OF PROTEINS IN RAPID AXOPLASMIC TRANS-

PORT. George C. Stone, David L. Wilson, and Michael E. Hall.
Dept. of Physiol. and Biophys., Univ. of Miami, Sch. of Med.,
Miami, F1. 33152.

Rapid axoplasmic transport is thought to include proteins
primarily involved in nerve terminal maintenance rather than
axonal growth. Previous findings have sugpested that at least 6
to 24 protein species are present in this type of transport.

Modifications of O'Farrell's (1) procedure for two-dimensional
electrophoresis of proteins has allowed high resolution analysis
of the protein species rapidly transported in the frog sciatic
nerve.

The Tth, 8th, and 9th dorsal root ganglia:were selectively
labeled with 3H-leucine, l4C-leucine, or 35S-methionine in one
compartment of a lucite chamber. Transport of TCA precipitable
material was monitored in the spinal roots and sciatic nerve kept
in angther compartment. Fastest transport rates were 75-90mm/day
at 18°C. Ligation of.the nerve 30mm distal to the 8th ganglion at
the beginning of the experiment resulted in accumulation of label
during a 24 hr period. This material was subjected to two-
dimensional electrophoresis (pI 4.5-8.5; m.w. 104-105 daltons) in
3mm nerve segments. Autoradiographs or fluorographs from seg-
ments proximal to the ligature yielded a pattern of at least 60
labeled proteins. Neither actin nor tubulin were present among
these rapidly transported, labeled proteins. No pattern was
observed from segments distal to the ligature, ruling out the
possibility of local incorporation by contamination. Blocking
protein synthesis with 18yM anisomycin reduced the accumulation
of label proximal to the ligature by 98%. Direct labeling of
nerve segments produced patterns significantly different from the
pattern of transported proteins. A comparison of proximal seg-
ment staining with labeled incorporation in the same segment
following " transport revealed at most 12 common species. It is
concluded that at least 48 of the transported protein species are
neither synthesized nor found in abundance in nerve segments.
These may be destined for nerve terminals.

Supported by NIH grant NS12393 and by a Biomedical Research
Support Grant. MEH is a postdoctoral trainee (NS 7044).

(1) O'Farrell (1975) J. Biol. Chem. 250; 4007.

POLY-L-ORNITHINE IMPROVES LIGHT MICROSCOPIC VISUALIZATION OF
HORSERQDISH PEROXIDASE. Michael C. Trachtenberg, and Robert T.
Hadley . Neurology Sve., Boston VA Hospital, and Dept. of
Neurology, B.U. Sch. of Med., Boston, Mass. 02130.

Poly-L-ornithine (ORN) mixed with horseradish peroxidase
(HRP) increases the amount of HRP uptaken, greatly magnifying
signal amplitude ahd rendering it visible for a longer time.
This effect is of major importance for light microscopy where
maximal resolution is ~200 nm, while vesicles containing HRP
are 20-100 nm in diameter. The production of multivesicular
bodies containing adequate numbers of sufficiently labelled ves-
icles is a time, system and direction dependent process, evident
in four distinct problem areas. These are not now adequately
solved by the use of different types of HRP or special fixation
or reaction procedures which can only better reveal available
HRP.

Paired injections of various concentrations of ORN (m.w.
. 200,000) with 25% HRP and 25% HRP alone were made in frontal
agranular and visual cortex of Long Evans rats. After survival
times of 2.5 - 100h animals were sacrificed, perfused and
processed by several techniques. Four subcortical loci were
examined; claustrum, ventral tier complex, lateral geniculate
nucleus (LGN) and lateral dorsal nucleus (LD). TFour to six
times as many retrogradely labelled cells are seen in experimen-

tal as compared to control loci at post-injection times of 5-T2h.

Using ORN-HRP or HRP alone label is first visible and disappears
at similar times. Cell counts as a function of time indicate
that under test and control conditions only the number of cells
and not their distribution differ suggesting an alteration in
the amount of HRP transported but not in the transport rate.
Anterograde terminals are seen at all times in LGN, LD and
medial dorsal nucleus on the experimental side when few or none
are visible on the control side.

The increased reliability of visualizing both retrograde
and anterograde transport of HRP attributed to ORN allows full
utilization of the entire temporal window for labelling: 5-100h
vs. 16-48h by standard methods. Consequently ORN can be used
advantageously to trace very long as well as short connections
simultaneously in large primate brains. Four problems which
appear to be ammenable to solution by this procedure are: a)
inability to demonstrate by retrograde transport some known con-
nections; b) low reliability of seeing anterograde terminals; c)
inadvisability of using very small amounts of HRP to label
discrete regions; d) restriction of optimal survival times.
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SECTIONING OF THE RAT SCIATIC NERVE PRODUCES CHANGE IN SPECIFIC
PROTEINS CARRIED BY RAPID AXOPLASMIC TRANSPORT. Richard F.
Theiler* and William O. McClure. Dept. of Biochemistry, Univ.
of Illinois, Urbana, IL 61801, and Dept. of Biological Sciences,
Univ. of Southern California, Los Angeles, CA 90007.

One sciatic nerve of a rat was exposed and sectioned. At times
of 5 - 50 days after section, both the sectioned nerve with its
associated dorsal root ganglion (drg), and the contralateral
nerve and drg, were excised and transferred to short term in
vitro culture. The drg were labelled with radioactive amino
acids, after which those proteins committed to transport were
detected by their accululation at a ligation placed on the nerve
proximal to the cut end. Accumulation of transported proteins
was allowed to proceed for 18 hr at 37° in 05:C0p (95:5). Under
these conditions, transported radioactivity included only mate-~
rial which moved at rates ¥ 50 mm/day. The amount of trans-
ported radioactivity was compared in sectioned nerves and their
contralateral controls. No statistically significant differences
were observed. Similarly, no significant differences were ob-
served in the amount of precursor incorporated into proteins of
the two drg. Transported proteins were solubilized, fractionated
on slabs of polyacrylamide in sodium dodecyl sulfate, and visu-
alized by radioautography after the gel was impregnated with PPO.
Several changes of individual bands occurred as a result of nerve
section. One protein (MW 19000 daltons) disappeared from the
transported flow following section, while a second (MW 42000
daltons) appeared. Both proteins altered their levels with a
time course which followed histologically defined chromatolysis
in the animals. In addition to the changes in the sectioned
nerve, we also detected changes in the proteins transported by
the control (unsectioned) sciatic nerve of an animal in which the
other nerve was sectioned. Two proteins which are carried by
axoplasmic transport in sciatic nerves of unoperated animals are
not detectable in the material transported by control nerves of
operated animals. The two proteins disappear for two weeks after
section, and reappear at later times. These changes may be
related to compensatory use of the limb contralateral to a sec-
tioned nerve. It is possible that the rapidly transported
proteins whose levels are altered in sectioned nerves are in-
volved in the control of neuronal regeneration. Supported in
part by the National Institutes of Health (NS 09082, 13215), the
Alfred P. Sloan Foundation, the Muscular Dystrophy Associations
of America, and the Nelson Research and Development Company.

PARGYLINE INDUCES CHANGES IN AXONAL TRANSPORT IN MOTOR NEURONS.
D.F. Watson, J.A. Donoso and F.E. Samson. Ralph L. Smith Mental
Retardation Center, University of Kansas Medical Center.
Pargyline (N-methyl-N-benzyl-2-propynylamine hydrochloride)
is a monoamine oxidase inhibitor which produces numerous changes
in neural and muscular functions. Because of previous conflict-
ing reports, we have re-examined the possibility that pargyline
can induce an apparent increase in the velocity of axonal trans-
port. Male Holtzman rats, 450-550 gm, received 3 daily doses of
pargyline (75 mg/kg, i.p.; controls received i.p. sterile water.
Eleven of 31 rats died during the pargyline treatment. One day
after the last dose, 50 uCi of 3H leucine (61 Ci/mmole) in 2.5A
of Locke's solution was micro-injected bilaterally into the L5-6
ventral horn regions under sodium pentobarbital anesthesia.
After 1-4 hr for incorporation and transport, the sciatic nerves
and L5 ventral roots were removed, rapidly frozen, fixed in 95%
ethanol or 5% trichloracetic acid, and cleaned of connective
tissue. Tritium cpm per 2 mm nerve segment were determined by
digestion and liquid scintillation counting. The bulk of the
transported material in the pargyline-treated rats moved at the
control velocity (11.9+3.5 mm/hr and 13.3#2.2 mm/hr, respective-
ly. However, pargyline also induced faster components of trans-
port. In all 10 pargyline-treated nerves, a faster but smaller
peak was observed, with a mean velocity of 21.4+5.1 mm/hr; in
addition, 6 of .10 nerves showed a small peak at a rate of
39.946.8 mm/hr. Preliminary results suggest that pargyline
does not cause such changes in dorsal root preparations. The
observed changes in axonal transport may be a result of the
accumulation of monoamines due to pargyline; however, other
modes of action for pargyline cannot be excluded.
(Supported in part by the U.S.P.H.S. grant HD-02528)
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99 PROSENCEPHALIC PATHWAYS RELATED TO THE AVIAN BASAL GANGLIA. Steven

ELECTROPHYSIOLOGICAL STUDIES OF BRANCHING NIGRAL AXONS AND THE
MONOSYNAPTIC INHIBITION PRODUCED IN THALAMIC NEURONS BY STIMULA-~
TION OF THE SUBSTANTIA NIGRA. M.Anderson, M. Yoshida¥*, and

A. Ueki¥*. Depts of Rehab. Med. and Physiol. and Biophys., Univ.
of Wash., Seattle, and Dept of Neurology, Jichi Medical School,
Tochigiken, Japan.

Anatomical studies have shown that the substantia nigra (SN)
sends axons -to the ventromedial thalamus (VM) and to the superior
colliculus (SC). We have studied the collicular and/or thalamic
destination of axons of single SN neurons and the synaptic po-
tentials produced in thalamic neurons by SN stimulation.

Cats were anesthetized with alpha chloralose or sodium
pentobarbital. In some experiments, recording microelectrodes
were inserted into SN during stimulation of ipsilateral VM and
SC. Extracellularly-recorded action potentials of negative con-
figuration were identified as antidromic based on constant
latency, high frequency-following and collision block criteria.
Three groups of cells were activated antidromically, from (1)
the thalamus only, (2) SC only, or (3) both thalamus and SC.
Threshold stimulus intensities were lowest in the region of VM
and in intermediate to deep layers of SC. Mean antidromic lat-
encies were 1.17 msec from SC and 1.66 msec from the thalamus.

In other experiments, microelectrodes were inserted into
the thalamus from a lateral angle of 30° and the ipsilateral SN
and contralateral brachium conjunctivum (BC) were stimulated.
Intracellular records from neurons in VL showed EPSPs evoked at
short latencies by BC stimulation, but no response to SN stimu-
lation. However, in VM neurons, SN stimulation evoked an IPSP
at short latencies, but there was no response to BC stimulation.
The short, constant latency of the nigral evoked IPSP (1.2-2.0
msec in different cells) and its constant configuration made it
probable that it was produced monosynaptically. Furthermore,
if the IPSP was produced by stimulating SN fibers closer to VM,
the latency was reduced markedly, and if the conduction distance
was extrapolated to Omm, the delay was too short for more than
one synaptic relay.

Thus, at least some SN neurons appear to send axonal
branches to both VM and SC, and axons from nigral neurons in-
hibit VM neurons that are not directly excited by cerebellar
output.

Supported by RSA grant 16 P 56818.

98

100
E. Brauth*, John L. Ferguson* & Cheryl A. Kitt* (SPON: D.!.Sommers)
Dept. Psychol.,Unlv of Md.,College Park,Md. 20742.

The avian basal ganglia include the paleostriatum augmentatum
(PA), paleostriatum primitivum (PP), and nucleus intrapeduncularis
(INP). Previous work indicated that PA was most comparable to the
mammalian caudate nucleus, PP and INP to globus pallidus. The pre-
sent study involves a series of anatomic experiments designed to
clarify the afferent and efferent connections of these cell groups
by means of horseradish peroxidase (HRP) histochemistry.

Injections of HRP into PA indicate that the source of telen-
cephalic afferents to this structure is derived from a population
of small to medium cells lying throughout the temporal-parietal-
occipital area (TPO) and lateral cortical area (LCA) of the neo-
striatum. Some cells also appear to lie just medial to this
region bounded by the dorsal archistriatal tract (DA). This
result was demonstrated by both retrograde transport of HRP and
by anterograde transport of the marker after injecting small quan-
titles into the TPO area itself.

In addition to the above population of neurons, a small num-
ber of neurons in the medial part of PA project to the lateral
portion. Both the medial and lateral portions of PA receive pro-
Jections from cells in the TPO and LCA regions, however the lateral
portion of PA receives a more extensive projection. The topography
of the projection of TPO neurons onto PA is organized such that
cells in the most ventral and lateral portions of TPO project upon
lTateral PA, and those lying dorsally and medially in TPO project
upon medial PA. Nevertheless overlap in the projections of TPO
and LCA neurons upon PA is present.

HRP injections In PP and INP labeled cells in PA. The major-
Ity of these retrogradely labeled cells were found in the lateral
portion of PA and were scattered throughout this region. They
constitute almost entirely the small cells of PA.

Subtelencephalic projections to PA are derived from the
ventral portion of the nucleus tegmenti pedunculopontinus pars
compacta (TPc). PP neurons receive projections from cells in
the anterior nucleus of the ansa lenticularis (ALa) and in turn
project extensively upon this thalamic cell group. Ala may thus
resemble the mammalian subthalamic nucleus.

HRP Injectlons confined to the TPO region of the telencephalon
Indicate that this region receives projections from the contra-
lateral archistriatum pars ventralis (Av), and ipsilateral frontal
neostriatum in areas Just adjacent and also just dorsal to
the ectostriatum (E). A small number of cells just ventral to PP
also project into TPO ipsilaterally.

BASAL GANGLIA

RETROGRADE AXONAL TRANSPORT OF HERPES SIMPLEX VIRUS IN BASAL
GANGLIA AND. RELATED NUCLEI. Il Jin Bak*, Charles H. Markham,
Margérz L. Cook* and Jack G, Stevens* (SPON: Hilde E. Hirsch).
Dept. Neuro., Sch. Med., UCLA, Los Angeles, CA 90024.

A neurotropic virus, herpes simplex virus (HSV) wild type I,
was used as a tracer in light and electron microscopic study of
afferent and efferent fiber connections in the basal ganglia.
Rats received microinjections (0.2-1pl) of highly concentrated
HSV (10,000-40,000 plaque forming units per microliter) into
the left neostriatum. Four days later substantial numbers of
nuclear capsids and a few mature viruses were found in the
nucleus and cytoplasm of many large neurons in the ipsilateral
substantia nigra, largely in the zona compacta; in the midbrain
dorsal raphé nucleus; in the medial thalamus; and in the frontal
cortex bilaterally. The striatum itself showed few infected
neurons. In another experiment when HSV was injected into the
frontal cortex there was no virus spread to the neostriatum.
The pattern of cell infection in these two experiments, plus
prior knowledge of anatomical pathways, strongly suggests HSV
is carried intraaxonally in a retrograde fashion in the experi-
ments cited here.

In a third experiment, when HSV was injected into the left
substantia nigra, a large number of virus labelled cells were
seen in the ipsilateral neostriatum 5 days later. Most of the
neurons infected by HSV were medium sized neurons measuring
an average of 10-20um in diameter. A parallel study in which
the immunoperoxidase technique was employed following HSV in-
jection into the substantia nigra confirmed the pattern of
virus infection in the striatum.

NIGRO-NEOSTRIATO-NIGRAL RELATIONSHIPS DEMONSTRATED BY HORSERADISH
PEROXIDASE (HRP) HISTOCHEMISTRY. LARRY L. BUTCHER! and GLENN.J.
GIESLER, Jr.2 Dept. Psychology!>? and Brain Research Institutel,
University of California, Los Angeles, CA, 90024, U.S.A.

HRP was infused~into various regions of the rat caudate-putamen
(CP) complex or substantia nigra (SN). 72 hrs later the animals
were anesthetized and then sacrificed by transcardial perfusion
with a glutaraldehyde-paraformaidehyde solution. After postfixa-
tion and sectioning the brains were processed according to the de
0lmos o-dianisidine protocol for HRP, which demonstrates enzyme

loci with greater sensitivity than other procedures for HRP.  Ac-
cordingly, good cellular morphology can be obtained (Figs. 1-4:
CP somata after intra-SN HRP injection; Fig. 5: pars compacta,

pc, SN somata after intra-CP HRP injection; Fig. 6: cortical neu-
rons after intra-SN HRP injection; 20 um scale for Figs. 1-6).
Both anterograde and retrograde HRP transport were evinced con-
sistently in our material (Figs. 7-8: SN after intra-CP HRP infu-
sion; observe HRP both in somata in pc and in pars reticulata, pr,
as well as in neuropil [arrows] in pr). Numerous CP somata, most-
1y in lateral regions of the nucleus, accumulated HRP after intra-
SN enzyme injection. Medial (M) SN projects to medial CP, and
medial CP projects to medial pr (Fig. 7). Similarly, lateral (L)
SN projects to lateral CP,
(Fig. 8). A cortico-nigral
[Support: NS 10928].

and lateral CP projects to lateral pr
projection also exists

(Fig. 6).

&
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AFFERENT CONNECTIONS OF THE GLOBUS PALLIDUS IN M. MULATTA AS
DETERMINED BY RETROGRADE TRANSPORT OF HORSERADISH PEROXIDASE.
K.W. Clausing*, M.E. Anderson and J.L. DeVito (SPON: O.A. Smith).
Reg. Prim. Res. Ctr. and Depts. Rehab. Med. and Physiol. Biophys.,
Univ. Washington, Seattle, WA 98195

The high tonic discharge rates of globus pallidus neurons in
awake monkeys make it probable that these neurons receive some
potent excitatory synaptic input. Because most current electro-
physiological evidence suggests that the major described pallidal
afferent systems from the neostriatum and subthalamic nucleus are
primarily inhibitory, we have used retrograde transport methods
to identify possible additional sources of pallidal afferents.

The extent of the globus pallidus in M. mulatta was first
mapped by recording the characteristic high frequency discharge
of single pallidal units in awake animals. A silastic-filled
stainless steel cylinder was stereotaxically implanted on the
skull, and tungsten recording electrodes were inserted at a 30°
angle through hypodermic cannulae into the putamen and globus
pallidus. After the position of the globus pallidus was deter-
mined, a hypodermic cannula was inserted through the cortex to
the outer or inner edge of the putamen and the needle of a micro-
liter syringe was introduced through this into the globus pal-
lidus. A 337% horseradish peroxidase (HRP) solution (0.2-0.3 ul)
was injected in 0.1 pl increments and, after waiting 10-15 min,
the needle was withdrawn through the cannula. The cannula was
removed after an additional 30 min and proved an effective bar-
rier to spread of HRP along the needle track.

In two animals with injections of HRP limited to the internal
pallidal segment, retrograde label was seen in neurons of the
ipsilateral peripeduncular pontine tegmentum, the dorsal raphe
nuclei, the substantia nigra, the parafascicular nucleus, and the
zona incerta. In one of the animals additional label was present
in the putamen and subthalamic nucleus. A larger injection
centered in the external pallidal segment, but extending medially
into the internal segment and laterally into the putamen,
resulted in label in the centromedian and medial pulvinar nuclei
as well as in all areas listed above.

The fibers transporting HRP could be those terminating in the
pallidum or damaged fibers passing through the pallidum and
destined for the putamen. However, these data present the
possibilities that (1) fiber systems destined for the neostriatum
also have synaptic connections with pallidal neurons and (2)
reciprocal synaptic connections exist between the globus pallidus
and some of the sites to which pallidal axons project, such as
the pedunculopontine nucleus.

Supported by NIH grant RR00166 and RSA grant 16P56818.
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POSTNATAL DEVELOPMENT OF THE NEOSTRIATUM IN MONKEYS (M. MULATTA).
Marian DiFiglia, Tauba Pasik and Pedro Pasik. Dept. of Neurology,
Mount Sinai School of Medicine, CUNY, New York, N.Y. 10029.
Paired specimens of the neostriatum of monkeys at 0, 1, 2, 4,
8, 12 weeks and 3-4 years of age were prepared for Golgi and
electron microscopic studies. Wide variations in the degree of
maturity of each previously described neuronal type (DiFiglia et
al., Brain Res., 1976, 114, 245) are observed within the same
specimen at 0 and 1 week. Some cells are not differentiated
enough to be classified. General immature features of dendrites
include growth cones with filopodia, other enlargements and long
filiform processes. The spiny I neuron exhibits dendritic vari-
cosities which decrease in frequency with age, and are only occa-
sionally seen at terminal portions in the adult. The least ma-
ture cells have few dendritic spines mostly of the thin type. The
most mature cells at each period show a progressively greater
number of spines but their relative distribution and types
(thin, stubby, mushroom) remain about the same. The spine density
increases from a mean of 8.6 spines per 10um of dendrite length
at birth to 14.1 at 8 weeks, reaching maximal levels of 15-17 by
12 weeks. Concurrently, the dendritic field radius grows from
100 um to 200 um. The long axon of these neurons shows varicosi-
ties up to 4 weeks, and acquires mature features by 8 weeks.
Beaded collaterals present from birth, continue to elaborate with
age. The spiny II neuron at early ages has a dendritic field ra-
dius of up to 200 pm which may increase to 600 um at 4 weeks. The
spine density is characteristically higher at birth (7 per 10 um)
and decreases progressively down to 5 per 10 um at 8 weeks. The
long axon and its extensive collateral system are well developed
by 1 week although bulbous enlargements are noted. The 3 types of
short axon aspiny neurons exhibit immature dendritic features,
most notably spine-like and filiform processes. Axonal arboriza-
tions vary from immature to well developed at 0 and 1 week. Four
categories of presumably afferent axons are already present at
birth and include: 1) thick axons branching extensively into un-
dulating, terminal processes; 2) thick axons having grapelike
clusters of large terminal boutons; 3) axons of intermediate dia-
meter with numerous varicose branches often terminating in axonal
growth cones with filopodia; and 4) thin,straight processes exhi-
biting short appendages with terminal boutons. All of these af-
ferents can be correlated with similar types found in the adult.
Electron microscopic examination of striatal neuropil confirms
the presence of immature dendritic and axonal features at early
ages. At birth, both immature and mature synapses occur on the
dendrites of aspiny and spiny (spines and shaft) neurons. Axonal
profiles with features associated with dark degeneration in the
adult are seen up to 4 weeks. Aided by N.I.N.C.D.S. Grant #
NS-11631.
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PROJECTIONS OF LOCUS COERULEUS AND RAPHE NUCLEI TO NEOSTRIATUM.
James R. Couch and Glenn D. Goldstein.* Dept. Neurol., Kansas
Univ. Sch. Med., Kansas City, KS 66103,

A series of 13 rats were employed to study projections from
locus coeruleus (LC) and raphe nuclei to the caudatoputamen
(CPU). Volumes of 2-10 nl of a 10% solution of horseradish per-
oxidase (HRP) (Sigma type VI) were injected into the anterior
part of the right CPU employing a Gilmont microsyringe (accuracy
0.1 ul #.04%). After 24 hrs the animals were anesthetized with
with diabutal and perfused with a solution of 10% formaldehyde -
1.25% glutaraldehyde followed by 5% sucrose. Sections were cut
serially at 30 microns, mounted, and incubated in 0.03% 3,3 dia-
minobenzidine followed by exposure to Hy02 and 3,3 diaminobenzi-
dine. As controls, a sham injection into the cortex and an in-
travenous injection of 12 mg of 10% HRP were employed. Neurons
projecting to the CPU were identified as polygonal structures
with golden brown granules of reaction product in the cytoplasm.

In 7 animals given 5-10 ul injections, substantial numbers of
labelled neurons were seen in both right and left LC. The label-
ling showed a modest ipsilateral preponderance compared to the
contralateral side. On both sides labelling was somewhat heavi-
er in the caudal, compared to the rostral LC., Ipsilateral
labelling of substantia nigra (SN) neurons was seen in all ani-
mals. With 5-10 pl injections there was some spread of HRP be-
yond the CPU, Six additional animals were tested with 2-3 ul
injections with which the HRP remained localized to the CPU.

In 4 animals, there was labelling in the SN and in these, there
was also labelling in the LC bilaterally. The labelling was
more sparse but followed the pattern noted above. In 2 animals
there was no SN and also no LC labelling.

With 5-10 pl injections, there was a modest amount of label-
ling in the dorsal raphe nucleus (DRN) and occasional labelling
in nuclei raphe pontis and magnus. These findings were con-
firmed with 2-3 ul injections. No labelling of the median raphe
nucleus was seen. These findings are in accord with other re-
ports. No labelling of LC, DRN or SN was seen in control
animals.

The LC, the most concentrated collection of norepinephriner-
gic neurons in the brain, has extensive projectioms, but LC-to-
CPU connections have not previously been identified. The find-
ings presented suggest there are substantial homolateral and
contralateral projections from LC to CPU. The CPU contains a
small but significant concentration of norepinephrine and the
proposed LC~to-CPU pathway may account for much of the norepine-
phrine in the CPU.

REVERSE TOLERANCE TO AMPHETAMINE OF MICE BEARING UNILATERAL
ELECTROTHERMAL STRIATAL LESIONS: EFFECT UPON CIRCLING RESPONSE
TO APOMORPHINE. Stanley D. Echols. Dept. Pharmacol. Merrell-
National Laboratories, Cincinnati, Ohio 45215.

Mice bearing unilateral striatal lesions circle ipsiversively
when administered amphetamine. It has previously been shown in
this laboratory that such responses increase upon repeated ad-
ministration of the same dose. This experiment was to determine
whether such reverse tolerance to amphetamine affects the circl-
ing response to apomorphine. Mice were electrothermally
lesioned, administered apomorphine, 0.4 mg/kg s.c., and circl-
ing was counted minutes 2-10 afterwards. Good responders were
divided into two groups of tem matched according to response.
One group received 4 doses of d-amphetamine, 4 mg/kg s.c., at
weekly intervals; the other group received corresponding saline
injections. The mean ipsiversive turns over 1 hour was 370
after the first dose of amphetamine and 644 after the fourth
(P < .01), demonstrating reverse tolerance. The mean response
of that group of mice to apomorphine, 0.4 mg/kg s.c., had been
33 before the amphetamine injections; afterwards it increased to
49 (P < .01). In the other group of mice, which had responded
to the earlier apomorphine injection with 34 turns, the response
after the saline injections decreased to 12 (P < .01). Hence,
reverse tolerance to amphetamine is reflected in the response
to apomorphine. Reverse tolerance to amphetamine therefore
seems unlikely to be mediated solely by presynaptic changes of
the nigro-striatal dopaminergic system.
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THE ROLE OF NIGRO-TECTAL PROJECTIONS IN RELATION TO TECTO-SPINAL
TRACTS AND HEAD TURNING. James E. Faber & Donald H. York, Dept.
of Physiol,, Sch. of Med., Univ. of Missouri, Columbia, Mo.,
65201,
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The anatomical projection of neurons from the substantia
nigra to the superior colliculus has been demonstrated by
several groups of workers. The role that this pathway may play
in 1) relaying information from the basal ganglia to descending
spinal cord tracts or 2) tectal integration of other inputs, is
the subject of this investigation. Single unit microelectrode
recordings were undertaken from the superior colliculus in male
Sprague-Dawley rats (300-650 gms) anesthetized with chloral
hydrate or urethane. Cells were examined in all layers of the
colliculus for input from the substantia nigra (SN), neck
muscles (NM), visual system (VS) and spinal cord (SC). Cells in
the more superficial layers characteristically responded to
visual input whereas other inputs were more diffusely spread
throughout the colliculus., Of 228 neurons evaluated in the
superior colliculus, 57 were antidromically identified by nigral
stimulation and followed stimulus frequencies over 20Q/sec.
About half of these tecto-nigral cells were activated by a light
flash delivered to the eyes and 10 cells also received neck
muscle input. In contrast, orthodromic activation of cells in

" the superior colliculus was obtained upon either stimulation of

SN, pars reticulata (6 out of 77 cells) or SN, pars lateralis
(29 out of 42 cells). Cells evoked by stimulation of the latter
area (pars lateralis) were also excited by photic activation
(19 out of 42) and neck muscle input (6 out of 13). Stimulation
of the ventral funiculus of the cervical spinal cord also evoked
these latter type of units at constant latency (~4 msec) and
followed stimuli over 200/sec. Thus, of 16 tecto-spinal identi-
fied cells, all were activated by the substantia nigra (pars
lateralis)., These findings suggest that the superior colliculus
may relay basal ganglia output to neck motoneurons in the
cervical cord which results in the characteristic head turning
movements and circling observed with stimulation of a variety
of basal ganglia structures.

(supported by PSH HL 07094)

MOTOR CORTEX PROJECTIONS TO THE CAUDATE NUCLEUS. I. ELECTRO-
PHYSIOLOGY. E. Garcia-Rill, C.D. Hull and N.A. Buchwald, MRRC,
Sch. of Med., UCLA, Los Angeles, CA. 90024.

Dense afferent inputs from the frontal cortical areas have been
described to project in a topographical manner onto the striatum.
The experiments reported here were designed to reveal any possible
differential projections to the caudate nucleus from different
areas within the motor cortex. Four-pronged stimulating combs were
placed within the gray matter bilaterally, spanning the precru-
ciate cortex of the cat. The medialmost lead was generally 2 mm
from the midline and within area 6ap and the most lateral lead was
usually 3 mm beyond the end of the cruciate sulcus within area 4vy.
These two areas are known to correspond with the representation
of the trunk or axial musculature medially, and the representation
of the forelimb musculature laterally.

Intracellular recordings using potassium citrate-filled micro-
pipettes were made from the caudate nuclei (coordinates A 18-15)
of locally-anesthetized, paralyzed cats. Over 95% of cells showed
EPSP-IPSP sequences, and the rest had only IPSP responses. Laten-
cies to onset of postsyaptic potentials (PSPs) for the large
majority of cells (88%) were between 5 and 20 msec (range 4-34
msec), with a mean rise time (onset to peak of PSP) of 13.4 msec
(range 4-22.5 msec).

However, 72% of caudate neurons responded preferentially to
stimulation of the ipsilateral medial precruciate cortex. Only 9%
of cells responded preferentially to stimulation of the ipsilat-
eral lateral precruciate area, while 7% responded best to stim-
ulation of the contralateral medial precruciate cortex and 12%
showed no response to cortical stimuli. Preferential responses
involved lower threshold (usually 90-250 pA), shorter latency,
higher amplutide PSPs, and the ability of the preferred input
to suppress conditioning shocks to other areas during the rising
phase of IPSP, and in turn not be suppressed during the rising
phase of IPSPs elicited by stimulation of other leads.

Histological verification of the position of cells recorded
showed that inputs from the medial precruciate area are distribu-
ted on the ventral and lateral parts of the caudate. The lateral
precruciate cortex elicited preferential responses in cells
located in a small region of the ventrolateral caudate nucleus.

The majority of non-responsive cells were found dorsally, and
those responding to the contralateral medial precruciate cortex
were located in the center of the caudate nucleus.

The ipsilateral medial precruciate cortex, corresponding to the
motor representation of the axial musculature, showed a potent and
widespread input to the caudate nucleus. Within this projection,
circumscribed regions of the caudate demonstrated preferential in-
put from the ipsilateral lateral and contralateral medial precru-
clate cortex. Supported by USPHS Grants HD-05958 and MH-7097.
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COBALT INJECTIONS INTO THE SUBSTANTIA NIGRA OF THE
RAT: EFFECTS ON BEHAVIOUR AND METABOLISM OF STRIATAL
DOPAMINE. Ruggero Fariello, Masato Shibuya*, Irene
J, Farley*, Kathleen S. Price*, Kenneth G. Lloyd and
Oleh Hornykiewicz. Dept. Psychopharm., Clarke Inst.
Psych., Univ. Toronto, Toronto, Canada.

Small amcunts of cobalt (5-12 pg in 0.5 ul) uni-
laterally injected into the substantia nigra (SN) of
rats caused a strong, spontaneous contralateral
turning which was suppressed by haloperidol. One to
two days after intranigral cobalt microinjection,
d-amphetamine decreased the intensity of the contra-
lateral turning; five days after cobalt application,
d-amphetamine changed the direction of the turning to
the ipsilateral side. 1Intranigral cobalt micro-
injection initially caused a significant increase in
the concentration of dopamine (DA), 3,4 dihydroxy-
phenylacetic acid (DOPAC) and homovanillic acid (HVA)
in the ipsilateral striatum. Thereafter, the levels
of DA and its metabolites declined progressively to
reach, 4 days after cobalt, values significantly
below the control levels. Similar biochemical
changes in the striatum were also seen after partial
electrolytic lesions of the SN, However, in contrast
to cobalt, such SN lesions produced only mild contra-
lateral turning. Frontal hemisection completely
interrupting the nigrostriatal DA pathway did not
result in any increase of striatal DOPAC or HVA
levels, and produced no significant turning. Thus,
there was no apparent parallelism between the inten-
sity and time course of the turning behaviour induced
by the different procedures and the changes in DA
metabolism in the striatum. However, within the
cobalt injected SN the levels of GABA and glutamic
acid decarboxylase (GAD) were decreased to 40% of the
contralateral control values. The possibility is
considered that the depression of a GABA mediated
inhibitory influence upon the nigrostriatal or meso-
limbic DA neurons may play a role in the cobalt-
induced contralateral turning as well as altered
striatal DA metabolism.

CORPUS STRIATAL (PALEOSTRIATAL COMPLEX) INTERVENTIONS AND STER-
EOTYPED BEHAVIORS IN PIGEONS. Irving J. Goodman and Robert E.
Stitzel*, Depts. of Psychology and Pharmacology, West Virginia
University, Morgantown, WV 26506,

Stereotyped pecking may be induced in pigeons by apomorphine,
a dopamine agonist, and blocked by Haloperidol, a dopamine an-
tagonist. The paleostriatum augmentatum, a component of the
pigeon's corpus striatum, contains a relatively high level of
dopamine., The present study attempted to determine the role of
this forebrain structure in stereotyped behavior by combining
several experiments: (A) Pigeons with chronically implanted
stimulating electrodes within the paleostriatum provided an op-
portunity for tests of electrically evoked responses. Among the
varied evocable responses from this structure were stimulus bound
floor pecking and circling, separable responses which were usu-
ally directed contralateral to the stimulated side. These efe
fects were observed consistently over months of testings (B)
Pigeons, acutely prepared under ether and thus quickly revived,
had apomorphine (50 ug/2 ul) unilaterally administered directly
to the paleostriatum, This treatment produced contralateral
turning and pecking for a short period (2 - 10 min); (C) Corres=-
pondingly, unilaterally lesioned paleostriatal pigeons exhibited
apomorphine-induced (2,0 - 3.5 mg/kg, IP) pecking and circling
(when it occurred) markedly and consistently toward the lesioned
side (30 - 60 min sessions), These effzcts continued through 6
nonths cf testing; (D) SBilaterally lesioned paleostriatal pigeons
exhibited a transient reduction or absence of apomorphine-induced
stereotyped responding which lasted up to 10 days postoperatively.
While the intact corpus striatum provides a structure from which
stereotyped pecking and circling may be initiated by electrical
or chemical stimulation and sustains a functional imbalance of
stereotyped behavior in the unilaterally lesioned preparation,
the bilaterally lesioned preparationshows only a short term dis-
ruption of apomorphine -induced stereotyped responding. These
results suggest that the critical components of the total mechan-
ism for apomorphine-induced stereotyped responding are probably
located lower in the brain, within the brain stem,
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INTERACTION BETWEEN GABA, DOPAMINE AND SUBSTANCE P IN
THE RESPONSE OF NIGRO-STRIATAL SYSTEM TO ANTIPSYCHO-
TICS. A. Guidotti and K. Gale*. Lab. Preclinical
Pharmacology, NIMH, St. Elizabeths Hospital, Washington,
D.C. 20032. )

Measurement of striatal tyrosine hydroxylase (TH) in
the presence of subsaturating amounts of pteridine co-
factor was taken as an index of activity of nigro-
striatal dopamine (DA) neurons. The activation of
striatal TH induced by systemic injection of neurolep-
tic drugs (haloperidol or chlorpromazine, 0.1-1 mg/kg)
was abolished by: 1) systemic administration of DA re-
ceptor agonists (apomorphine and Trivastal); 2) system-
ic injection of GABA-mimetic drugs (muscimol and diaze-
pam) ; 3) discrete unilateral electrolytic lesions placed
anterior and lateral to substantia nigra (SN). These
electrolytic lesions reduced levels of GABA and Sub-
stance P (SP) in SN by 70-90% and abolished DA-sensi-
tive adenylate cyclase in SN. Our evidence,based on
measurements of DA-sensitive adenylate cyclase and DA
receptor binding, demonstrates that DA receptors in
nigra are not located on DA neurons and are therefore
not autoreceptors. Instead, DA receptors in SN are
present on terminals of striato-nigral fibers (GABA or
SP). To determine the role of these nigral DA recep-
tors, apomorphine (10-9-10-6M),or haloperidol (10-9-
10-6M) was injected into SN in rats pretreated with
saline or with systemic haloperidol (0.15 mg/kg i.v.).
These intranigral treatments did not significantly
modify the kinetic state of striatal TH indicating that
DA receptors in nigra do not constitute the critical
site of neuroleptic action with respect to striatal TH.
On the other hand, activation of GABA receptors in SN
by intranigral muscimol (0.3 nmoles) injection
blocked the neuroleptic-induced activation of striatal TH.

These experiments suggest a role (1) for striatal
postsynaptic DA receptors and (2) for nigral GABA re-
ceptors,in the neuroleptic induced activation of stri-
atal TH. We have previously demonstrated the presence
of respectively independent GABA and SP neurons project-
ing from striatum to nigra (Fed. Proc. 30: 394, 1977).
It is likely that nigral SP also may be involved in the
action of neuroleptics. This is suggested by the in-
ability of GABA antagonists alone (isoniazid, bicucul-
line, picrotoxin injected systemically or intranigra)
to activate striatal TH.

INFLUENCES ON CAUDATE AND SUBSTANTIA NIGRA UNITS.
J.A. Harper* and T. |. Lidsky (SPON: J.S. STAMM). Dept.Psych
SUNY at Stony Brook, NY 11794 ’

Trigeminal influences upon the caudate nucleus and
substantia nigra were assessed in flaxidilized, chloralose
anesthetized cats. Electrical stimulation was applied
to two loci involved in jaw movement reflexes. Affer-
ents from periodontal mechanoreceptors involved. in reflex
jaw opening were stimulated via electrodes in the inferior
dental nerve (IDN). In addition, afferents from spindle
receptors in jaw elevator muscles were stimulated via
electrodes in the trigeminal mesencephalic nucleus
(MES 5). MES 5 stimulation evokes jaw closure. A sig-
nificant proportion of units in both caudate (MES 5-54%,
IDN-50%) and Substantia nigra (MES 5-66%, IDN-55%) were
affected by IDN and MES 5 stimuli. Both ipsilateral
and contralateral stimulation were equally effective in
evoking unit responses. Patterns of response to MES 5
and IDN stimulation in neurons receiving convergent
input were similar; however, latency differences of unit
responses served to differentiate stimulation loci.

Although the striatum is generally thought to be the
major source of afferents to the substantia nigra, latency
considerations suggest that most trigeminal responses
recorded in the nigra are not conveyed via caudato-nigral
connections. Latencies of caudate responses (mean
latencies: MES 5-36 msec, IDN-48 msec) were longer
than responses recorded in the nigra (mean latencies:

MES 5-20 msec, IDN-28 msec). Indeed the shortest laten-
cies of responses in the caudate (16 msec) were longer
than many of the responses recorded in the substantia
nigra.

Tactile stimulation of the face and mouth was also
tested. Many basal ganglia neurons have peripheral
receptive fields. These fields are large and often
encompass two or three branches of the trigeminal
nerve. (Supported by U.S.P.H.S. Biomed. Sci. Support
Grant 5 So5 RRO7067 to SUNY at Stony Brook).
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NIGROSTRIATAL PATHWAY, P.G. Guyenet: and G,.K Aghajanian, Depts.
Psychiat. & Pharmacol., Yale Univ. Sch. Med., New Haven, CT 06508

The purpose of the present study was to identify nigrostriatal
dopaminergic neurons by antidromic (AD) stimulation. Rats were
anesthetized with chloral hydrate (400 mg/kg) and the single unit
activity of neurons located in the substantia nigra (SN) was re-
corded while stimulating various sites in the caudate-putamen
(CP) (bipolar electrodes, rectangular pulses 500 psec, 0.3 to 2
mA). A successful search for AD-activated cells depended on the
prior determination of the topography of the nigrostriatal pro-
jection; the technique of retrograde transport of horse-radish
peroxidase (HRP) was used for that purpose. AD-activated cells
(meeting the requirements of fixed latency and positive collision
test) were found only in the area of the SN topographically re-
lated to the locus in the CP which was stimulated. The vast ma=
jority of these cells corresponded to the type described previ -
ously by Bunney et al. (1973) as being the DA-containing neurons
of the nigrostriatal pathway; they are the majority of the spon-
taneously active cells of the SN pars compacta, have a slow
bursting pattern of discharge < 7 spikes/sec, a wide action po-
tential of 2 to 4 msec and are inhibited by low doses of the DA
agonist apomorphine (APO) (10 to 40 pg/kg, i.v.). The slow con-
duction velocity of these neurons (0.3 to 0.6 m/sec) is charac-
teristic of unmyelinated axons. These slow-conducting APO-sensi=
tive neurons could also be AD-activated by stimulating the medial
forebrain bundle (MFB). Many other types of neurons in the SN
could also be activated by this procedure, but with much shorter
latencies (0.8 to 2,9 msec instead of 4.5 to 7.5 msec). The in-
jection of 6-hydroxydopamine (a neurotoxic agent relatively spe-
cific for catecholaminergic neurons) above the MFB (2 pl, 6 pg)
selectively blocked AD-activation of the slow-conducting APO-sen-
sitive neurons of the SN pars compacta, providing further evi=-
dence that these are the DA-containing neurons. A small minority
of cells with electrophysiological characteristics completely
different from the DA neurons could also be AD-activated by stim-
ulating various areas in the CP (500 psec pulses, 0.3 to 1.0 mA).
These cells are located mainly near the ventral border of the SN
pars compacta, are not inhibited by AP0, have a conduction velo-
city of 2-3 msec and a firing rate of up to 25 spikes/sec. In
conclusion these results indicate that 2 types of neurons contri-
bute to the nigrostriatal pathway; 1) DA neurons; slow conducting
and APO-sensitive, they are the most commonly encountered in the
SN pars compacta; 2) fast conducting APO-insensitive neurons;
less numerous, they are located in or close to the SN compacta.
(USPHS Grant MH-17871, The State of Connecticut and the CNRS,
France).

MORPEOLOGICAL STUDIES ON THE POSSIBLE GLUTAMATERGIC CORTICO-
STRIATAL PATHWAY. T. Hattori, E. G. McGeer, P. L. McGeer
Div. of Neurol. Sci., Dept. of Psych., Fac. of Med., Univ. of
British Columbia, Vancouver, B. C., V6T 1W5, Canada.

The autoradiographic tracing technique was combined with intra-
striatal injections of the neurotoxin kainic acid-(KA) to provide
morphological evidence %earing on the recent postulate that the
cortico-striatal pathway is glutamatergic in nature. 3H-Proline
(20 yC) was distributed by six injections throughout the pre-
frontal cortex. Twenty four hours later, the distribution of
axonally transported proteins in the striatum was studied by
light and electron microscopic autoradiography. In some animals,
degeneration was induced by an ipsilateral intrastriatal inject-
ion of KA (1.25 nm in 0.5 ul saline) ten hours before sacrifice.
At the light microscopic level, the label appeared to be rather
uniformly distributed in the control striatum and in unaffected
areas of the KA-injected striatum. In all of the area affected
by KA, grains appeared in either the same number per mm as in
the unaffected areas or in patches showing much greater grain
density. These clusters of grains resembled those reported
in immature animals.

At the electron microscopic level, the labeled boutons in the
control striatum had fairly packed round vesicles of 40-45 nm in
diameter and made clear asymmetrical synaptic contacts with
dendritic spines. In the KA-affected area, most of the labeled
boutons made direct synapses with degenerating dendritic elements.
However, the vesicle density in the labeled boutons (approximate-
ly 180 per um?) was the same whether they had synaptic contacts
with normal or degenerating dendrites.

These results indicated that: 1) Intrastriatal injections of
KA did not produce in 10 hours morphological changes in the pre-
synaptic cortico-striatal terminals nor did it reduce the amount
of axonally transported label accumulated in these terminals. In
fact, the appearance of densely labeled clusters suggests that
the degeneration of postsynaptic elements may have stimulated
transport and/or accumulation of label in the presynaptic
elements. 2) KA in 10 hours did induce massive degeneration of
cell soma and dendrites in the striatum and radioactive macro-
molecules axonally transported in the cortico-striatal path
preferentially labeled boutons in synaptic contact with KA-
sensitive dendrites. 1In view of the evidence that this path is
glutamatergic, this provides some morphological support for the
hypothesis that neuronal elements carrying many glutamate
receptors may be particularly sensitive to the toxic effects of
KA.

Supported by the M.R.C. of Canada, the W. Garfield Weston
Foundation and the U. S. Huntington's Chorea Foundation.
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IMPORTANCE OF THE SUBSTANTIA NIGRA IN ROTATIONAL BEHAVIOR OF RATS.
Gordon K. Hodge and Larry L. Butcher. Depts. Psych., U. of New
Mexico, Albuquerque, NM 87131, and UCLA, Los Angeles, CA 90024.

Many variables can affect the elicitation and assessment of
rotational behavior, and since many of these factors are uncon-
trolled, interpretations of data and reconciliation of theories
derived from such data is difficult (see Glick et al., Life Sci.,
1976, 18, 889). One variable responsible for some confusion is
lesion placement and extent. Our data demonstrate that
relatively subtle differences in lesion placements can result in
profound differences in the manifestation of rotational behavior.

Rotational behavior following unilateral radio-frequency (RF)
or 6~hydroxydopamine (6-OHDA) lesions of the substantia nigra or
median raphe was recorded in computerized photocell devices which
counted rotations as the rat traversed an uninterrupted 360° turn
around a central column. Spontaneous rotations were recorded for
7 days postoperatively. The effects of D-amphetamine (AMP; 1.5,
5.0 mg/kg) and apomorphine (APO; 1.0 mg/kg) were then noted.

The asymmetries displayed by rats varied considerably. Only
rats with RF lesions of pars compacta (PC) or the raphe exhibited
spontaneous rotations (contralateral). Following drug treatments,
rats with 6-OHDA lesions pivoted in a very constricted manner,
often wrapping themselves around the central column; animals with
RF lesions typically rotated in broader circles about the column.
All drugs potentiated contralateral turning in rats with asym-
metrical lesions of the raphe area, but histological data
indicated that the lesions involved tissue encompassing the raphe
as well. Ipsilateral turning was induced by 5.0 mg/kg AMP in RF
lesions of PC but APO was without effect. Both doses of AMP led
to ipsilateral turning in rats lesioned with 6-OHDA, and APO to
contralateral turning. Contralateral rotations to APO were also
seen in rats with large lesions of the tegmentum which spared
much of PC. Ipsilateral turning occurred with lesions of the
medial lemniscus and adjoining areas or with lesions of pars
reticulata.

Although PC appears involved in the mediation of rotational
behavior, the nature of this involvement is not as straightfor-
ward as previously assumed on the basis of techniques which pro-
bably encroached upon other systems capable of affecting motor
symmetry. The degree of spontaneous contralateral turning shown
by rats with PC lesions seemed related to the extent of PC damage,
but responses to drugs did not. Although AMP elicited ipsilater-
al rotations, neither quantitative nor qualitative effects of the
drug appeared contingent upon the degree of PC injury. Dispari-
ties between our results and those of others are attributable to
differences in lesion size and placement per se; these factors
appear independent of-the manner in which the lesions were made.

EFFECT OF KAINIC ACID LESIONS IN THE CAUDATE NUCLEUS ON MUSCARINIC
CHOLINERGIC RECEPTORS: CORRELATION WITH HUNTINGTON'S DISEASE.
R.E. Hruska*, J.T. Coyle, R. Schwarcz* and H.I. Yamamura (SPON:
W.D. Barber). Univ. of Arizona Health Sciences Center, Tucson, AZ
85724 and Johns Hopkins Univ. Sch. Med., Baltimore, MD 21205.

The degeneration of neurons in the rat caudate nucleus after
kainic acid injections resembles the neurochemical findings in the
caudate nuclei of postmortem samples from patients with Hunting-
ton's Disease. Accordingly, we measured muscarinic cholinergic
receptor binding in kainic acid-lesioned and control caudate
nuclei using the muscarinic antagonist, [3H]3-quinuclidinyl benzi-
late ([3H]QNB). Kainic acid (2 ug in 1 pl) was injected unilater-
ally into the caudate nucleus. Five days after injection, the
rats were sacrificed and the lesioned and contralateral, non-
lesioned caudate nuclei were removed. The tissue was homogenized
and washed twice before receptor binding assays were performed.

We evaluated the effect of kainic acid lesions on the apparent
dissociation constant (Kp) and on the total number of binding
sites (Bmax). The Kp values were 11 to 13 pM for the lesioned
and non-lesioned caudate nuclei, respectively, as determined from
the rate of association (7 x 108 M~lmin~! for both lesioned and
non-lesioned caudate nuclei) and from the rate of dissociation

(9 x 103 min~! for the lesioned and 8 x 10~3 min~! for the non-
lesioned caudate nuclei). The apparent Kp was also determined
from saturation isotherms. The analyses of the saturation curves
by Scatchard plots revealed a Kp value of 20 to 50 pM for both the
lesioned and non-lesioned caudate nuclei. Therefore, the kainic
acid lesions have no significant effect on the apparent Kp value.
Similar findings have been reported in Huntington's Disease.
However, the kainic acid lesions do decrease markedly the density
of specific binding sites (Bmax), as determined from Scatchard
plot analyses. The non-lesioned caudate nuclei had 1.33 % 0.15
picomoles of [3H]QNB bound per mg protein, while the lesioned
caudate nuclei had 0.82 + 0.12 picomoles of [3H]QNB bound per mg
protein, which is a 40% reduction in the total amount of specific
binding. The decrease in [3H]QNB binding effected by kainic acid
lesions of the caudate nuclei parallels the decrease in [3H]QNB
binding found in Huntington's Disease caudate nuclei (v50% reduc-—
tion in [3H]QNB binding). Since kainic acid lesions do not alter
the apparent Kp value but do decrease the density of binding
sites, as observed previously in Huntington's Disease, these
findings strengthen the usefulness of kainic acid lesions of the
caudate nuclei as an animal model for this disease. (Supported by
NIH grants MH-27257 and NS-13584, fellowship NS-05585 to R.E.
Hruska, and RSDA to J.T. Coyle and H.I. Yamamura.)
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PUTAMEN IN THE MONKEY. J. Hore and T. Vilis. Dept. Physiology,
Univ. Western Ontario, London, Ontario, Canada N6A 5Cl.

It was previously reported (1) that cooling in the region of
the globus pallidus of Cebus monkeys did not produce a delay in
the onset of prompt flexion or extension elbow movements in
response to a visual GO signal, although it produced movements
with decreased amplitudes and velocities. This same paradigm
was used to investigate motor performance of 3 Cebus monkeys in
which cooling sheaths were implanted in the ventral portion of
the rostral putamen. Cooling the putamen sheath to 10°C for 10
min produced no major change in simple reaction time of the
contralateral arm, as measured both to EMG and to movement on-
set, although such cooling usually produced a decrease in velo-
city of movement, due to a decrease in the phasic activity of the
agonist muscle and an increase in activity of the antagomist.

However, severe putamen cooling (5% sheath ref. temp. for
greater than 10 min) produced, in one monkey, a remarkable motor
impairment, which was characterized by an increase in movement
reaction time of up to 200 msec. Inspection of such trials
revealed that there was no EMG activity in the agonist at the
time that it would have occurred in the controls, but that there
was a large burst of activity in the antagonist muscle shortly
after this time. The result of this antagonist activity was
that the monkey moved initially in the wrong direction. This
incorrect movement was terminated about 100 msec after omset by
movement in the correct direction. When the agonist muscle was
loaded so as to increase its tonic level of activity, a small
burst of EMG activity now occurred in the agonist in some cooling
trials, at the same time after the GO signal as occurred in
controls. This suggests that the movement disorder was due to
inappropriate EMG activity in response to correctly timed de-
scending signals.

The results from these 3 monkeys are consistent with the re-
cent conclusion of Denny-Brown (2) that one function of the basal
ganglia is to provide a preparatory facilitation or "set" in
initiation of movement. Thus failure to prepare motor cortex or
spinal cord for a forthcoming movement during basal ganglia dys-
function, may cause a correctly timed movement initiation command
to be decoded into an inappropriate muscular response.

1. Hore, J. and Vilis, T. (1976). Initiation of monkey arm move~
ments during globus pallidus cooling. Soc. Neuroscience, 6th
Ann. Meet. 2: 63 (Abstract no. 86).

2. Denny-Brown, D. and Yanagisawa, N. (1976). The role of the
basal ganglia in the initiation of movement. In "The Basal
Ganglia'", ed. M. D. Yahr. Raven Press, New York.

(Supported by MRC of Canada, PG-1l)

MICROIONTOPHORETIC STUDIES ON GLOBUS PALLIDUS NEURONS OF MACACA
MULATTA MONKEY. Ronald D. Huffman, Leslie P. Felpel and Robert L.
Polzin. Dept. Pharmac., The Univ. of Texas Health Sci. Center,
San Antonio, Texas™ 78284.

A number of substances that are strong candidates for neuro-
transmitters in the mammalian CNS are found in high concentrations
in the basal ganglia. These include acetylcholine (ACh), dopamine
(DA), serotonin (5HT), y-aminobutyric acid (GABA), substance P and
taurine. Little is known about the effect of these substances and
‘other putative neurotransmitters on the responsiveness of neurons
of the globus pallidus. In this investigation the responsiveness
of primate pallidal neurons to microiontophoretically applied (7
barrel glass micropipettes) putative neurotransmitters was studied.
Macaca mulatta monkeys anesthetized with chloralose-urethane were
used as the experimental animal. Pallidal neurons characteristic-
ally discharged spontaneously with rates of 150-200 spikes/sec
being fairly common. Eighty pallidal cells were studied; of these
15 were located in the external pallidal segment and 6 were locat-
ed in the medullary lamina between the two segments. The number
of cells studied with each of the putative neurotransmitters is
given in the following Table:

GABA Glyc Taur Glut DA NA S5HT ACh Sub P
74 38 30 50 25 6 9 47 12

GABA, glycine and taurine depressed the spontaneous firing of neu-
rons located in both pallidal segments. GABA was a powerful de-
pressant and stopped spontaneous firing of many neurons with cur-
rents less than 5 nA. Only 2 of 74 pallidal cells tested did not
respond to GABA. Cells located in the internal pallidal segment
were generally more responsive to the depressant action of GABA
than cells located in the external segment or laminar region. In
general, glycine was not as effective a depressant as was GABA
and currents 2-3 times those used to eject GABA were required with
glycine to produce a depression of pallidal firing equivalent to
that produced by GABA. Taurine was a weak depressant and many
pallidal cells did not change their responsiveness in the presence
of taurine. L-glutamic acid was a weak excitant and failed to
excite about 50% of the pallidal neurons to which it was applied.
ACh was a weak to moderate excitant of most pallidal cells al-
though a few cells were unaffected by ACh. DA was also a weak
excitant and produced a delayed and prolonged excitation of many
pallidal neurons. GABA frequently caused a gradual reduction in
spontaneous firing following its application; DA characteristic-
ally increased the responsiveness of the cells and restored the
spontaneous firing rate to the pre-GABA level. Noradrenaline, SHT
and substance P had no effect on the responsiveness of any pallidal
neurons studied. (Supported in part by NIH Grant NS-10602, USPHS.)
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A TECHNIQUE FOR RECORDING SINGLE-UNWIT ACTIVITY IN UNANESTHETIZED,
RESTRAINED RATS DURING MOVEMENT. Lawrence R. Huntoon. Dept.
Physiol., L.S.U. Med. Ctr., New Orleans, La. 70112.

A technique has been developed which permits single-unit re-
cordings in restrained, unanesthetized rats during movement. Un-
like other techniques, this method allows multiple microelectrode
penetrations to be made in prescribed stereotaxic planes. In this®
manner, stereotaxic exploration of a given area can be performed
on a daily basis and data can be collected over a period of sev-
eral weeks. The essential features of the technique are: 1. Non-
traumatic rigid head restraint 2. Body restraint which allows
movement of limbs 3. Training rats to bar press by employing the
operant technique of intracranial self-stimulation (I.C.S.S.).

Non-traumatic head restraint is accomplished using a 3/8"
plexiglass block tailored to fit adult rats' heads, with a rec-
tangular window to allow microelectrode penetrations. Small
screws at the corners of the headpiece serve to rigidly fix the
animal's head in a conventional stereotaxic frame for recording
sessions, and between sessions they are used to secure a 1/16"
plexiglass. cap over the window. Initial surgery involves drill-
ing a rectangular portion of the skull away and cementing the
headpiece in the stereotaxic horizontal plane such that the
plexiglass window is in position over the exposed area. Precau-
tions are taken to protect dura and underlying cortex.

Appropriate body restraint is obtained using an ANIMAL HOLDER
(C.H. Stoelting Co.). This restraining apparatus allows consider-
able freedom of movenent of body forelimbs and hindlimbs. With
the addition of a bipolar electrode placed in the medial fore-
brain bundle (MFB) rats can be trained to bar press (I.C.S.S.)
while restrained with either forelimb or hindlimb. An unexpected
advantage of I.C.S.S. conditioning is the finding that following
a single 2 hr. training session, rats can be placed in the re-
straining device without struggling or other overt signs of
stress. Therefore, data can be obtained under relatively non-
stressful conditions of a quality which would not exist under
conditions of restraint alone.

Stainless steel microelectrodes are currently being used with
this preparation in an attempt to correlate limb movement with
single-unit activity in rat substantia nigra (SN). In addition
to the MFB electrode, five other stainless steel bipolar elec-
trodes are placed in the caudo-putamen to permit electrophysiolo-
gical identification of cells being studied in SN. Preliminary
results indicate that cells exist in rat SN which are movement re~
lated. It is conclucded that this technique can be used success-
fully to record single-unit activity in unanesthetized restrained
rats during movement, and that combined use of I.C.S.S. permits
data aquisition under relatively non-stressful conditions.
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PROJECTIONS FROM THE SUBSTANTIA NIGRA PARS RETICULARIS I[N THE CAT
USING A NEW STEREOTAXIC TECHNIQUE. K. Kultas-llinsky, I.
Ilinsky*, L. C. Massopust, P. A. Young, and K. R. Smith. Depts.
Anat. and Surg., St. Louis Univ. Sch. Med., St. Louis, MO 63104.

The purpose of this investigation was to examine the topogra-
phical organization of the efferent projections from the substan-
tia nigra pars reticularis (SNr) employing an extremely accurate
stereotaxic technique. The technique used in this study is based
on intracerebral coordinates and contrast ventriculography, al-
lowing for the placement of injections of tritiated amino acids
and radiofrequency lesions into small discrete parts of the SNr
without encroaching on surrounding structures. The injections of
tritiated leucine and proline were made in the anterior, inter-
mediate or posterior parts of the SNr. Nigrostriatal fibers from
all three parts coursed in a rostro-lateral direction, passed
around the subthalamic nucleus without entering it, crossed the
internal capsule and entered the entopeduncular nucleus, putamen
and -globus pallidus. Terminations in these structures were
sparse and diffuse. Another bundle of fibers contained within
the dorsomedial part of the internal capsule coursed dorsally and
entered the posterior third of the caudate nucleus forming a
rather dense terminal field. When injections of tritiated amino
acids were confined to the anterior two thirds of the SNr, nigro-
thalamic projections were also labelled. These fibers, after
leaving the SNr, coursed medially towards the midline, passed
around .the fasciculus retroflexus, and entered Forel's field
where they continued anteriorly dividing into two groups. One
turned sharply dorsally, passed around the centrum medianum and
entered the ventromedial thalamic nucleus (VM) from its dorsopos-
terior aspect. The second group of fibers continued rostrodor-
sally a short distance in Forel's field to enter the VM from its
ventral aspect. Very dense terminal accumulations of radioactive
label were found throughout the VM from both of these projections.
It was noted that when neurons exclusively in the most ventral
part of the SNr were labelled, terminations were also apparent in
the ventral anterior and ventral lateral thalamic nuclei. Veri-
fication of nigrothalamic terminations was obtained through elec-
tron microscopy. Radiofrequency lesions were made in the SNr
resulting in degeneration of synaptic boutons and medium size
myelinated axons within the VM. The degenerating boutons formed
symmetrical synaptic contacts on the dendrites. In some cases
they were found within glomeruli where they contacted several
types of profiles. In conclusion, all parts of the SNr project
to the striatum, with major terminations in the posterior part of
the caudate, whereas only the anterior two thirds of the SNr pro-
jects to the thalamus where the main terminal area is in the VM.
(Supported by USPHS FR 05388.)
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CONDUCTION PROPERTIES OF CAUDATE EFFERENT AXONS IN THE CAT.
J.D. Kocsis*, C.P. VanderMaelen*, and S.T. Kitai (SPON: G.D.
Schoener). Morin Memorial Lab., Dept. Anat., Sch. Med. and
Dept. Psychol., Wayne State Univ., Detroit, Mich. 48201.
Antidromic action potentials were recorded intracellularly
from caudate (Cd) nucleus neurons in cats anesthetized with
a~chlorolose after stimulation of the substantia nigra and the
internal capsule. The antidromic nature of these spikes was
determined by collision of antidromic spikes with intracellularly
induced orthodromic spikes. The recorded neurons were identified
as spiny neurons with intracellular injections of horseradish
peroxidase. With double antidromic stimulation, the second
spike shows a decrease in latency if it is induced up to 200
msec after the conditioning spike. The maximum latency shift is
about 10% of the control latency. The magnitude of the latency
shift is cumulative with conduction distance, suggesting that a
change in conduction velocity occurs along the axon. Condition-
ing orthodromic spikes, either synaptic or direct, also induce
a latency shift of test antidromic spikes. The latency shift is
independent of somatic polarization levels and only occurs
when the test antidromic spike is preceded by an action poten-
tial. Threshold measurements indicate that an increase in fiber
excitability occurs during the period of increased conduction
velocity. Somatic depolarization current delivered through the
microelectrode will initiate spikes at the initial axon segment
that show sustained firing in excess of 200 spikes per second.
But, with repetitive high frequency antidromic stimulation the
spikes fail to occur after an initial burst. In conclusion,
the excitability and conduction velocity of a Cd efferent axon
increases during the aftermath of a single action potential,
and a region of low safety factor may exist along these fibers.
This indicates that Cd axons may be operating not as simple
relay lines, but as integrative elements responding in terms of
their previous activity. (This work was supported by NIH Grants
NS00405 and RR5384.)

EFFECTS OF BASAL GANGLIA STIMULATION ON BRAINSTEM TRIGEMINAL
NEURONS. T. Labuszewski* and T. I. Lidsky. Dept. Psychol.,
SUNY at Stony Brook, N.Y. 1179k,

Basal ganglia influences upon brainstem trigeminal sensory
neurons were investigated. Units were recorded in and around
the trigeminal Principal sensory nucleus of chloralose anesthe-
tized cats. Cells were classified as trigeminothalamic relay
neurons, trigeminal non-relay neurons and reticular formation
neurons on the basis of histological location and responsiveness
to electrical stimulation of the posterior thalamus and natural
stimulation of the face and mouth. Stimulation of the basal
ganglia was applied via electrodes implanted bilaterally in the
head of the caudate and in the entopeduncular nuclei. Stimula-
tion of the basal ganglia evoked unit responses in trigeminal
relay-and non-relay cells, as well as reticular formation cells.
Latencies typically ranged from 15-25 msec. The effect of basal
ganglia stimulation upon reticular formation neurons tended to
be more pronounced than the effect upon trigeminal nucleus neu-
rons. Stimulation of the basal ganglia also evoked changes in
trigeminal neuronal response to natural stimuli. A condition-
ing-test (C-T) procedure was employed in which an assessment was
made of the effects of conditioning stimulation of the caudate
upon test responses evoked in trigeminal neurons by stimulation
of the sensory receptive field. Basal ganglia stimulation re-
sulted in primarily inhibitory effects upon test responses at
C-T intervals as long as 200 msec. Control procedures demon-
strated that the results reported here cannot be ascribed to
current spread to the internal capsule.

(Supported by U.S.P.H.S. Biomed. Sci. Support Grant 5 S05
RROTO6T to SUNY at Stony Brook.)
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ACETYLCHOLINESTERASE IN THE SUBSTANTIA NIGRA AND CAUDATE-PUTAMEN:

PROPERTIES AND LOCALIZATION ON DOPAMINERGIC NEURONS AND TERMINALS.

John Lehmanm* and H.C. Fibiger (SPON: V.K. Singh). Division of
Neurological Sciences, Univ. of British Columbia, Vancouver, B.C.
In order to selectively destroy neurons and terminals of the

dopaminergic nigrostriatal tract, 6-hydroxydopamine (6CHDA) was
administered to rats by one of two routes, intraventricular (IV)
injection or unilateral stereotaxic injection into the nigro-
striatal bundle (NSB). After a survival period of 4 to 5 weeks,
enzymes in the 60HDA-lesioned groups showed the following changes
in activity (expressed as per cent of controls) in the

substantia nigra (SN) and caudate~putamen (CP):

Tyrosine hydroxylase Choline acetylase AChE
£T3

IV 60HDA SN 10.3% 88.0 69.0%**
IV 60HDA CP 9, 3¥¥* 93.6 87.6*

NSB 60HDA SN 9, gx** 99.6 56.7%%*%
NSB 60HDA CP 3. 4Kk 106.0 87.9%*

*p<.05; **p<.01; ***p<.001

To be certain that the observed decreases in cholinesterase
activity were due to true acetylcholinesterase (AChE, EC 3.1.1.7)
and not to butyrylcholinesterase (BChE, EC 3.1.1.8), several
criteria were applied to tissues from the NSB-60HDA group:

1) Substrate specificity. Acetylcholine (ACh) was replaced by
either acetyl-Bf-methylcholine or butyrylcholine in the cholin-
esterase assay. SN and CP from 60HDA lesioned rats showed 54%
and 927% of control tissue cholinesterase activity respectively
with acetyl-B-methylcholine as substrate, in good agreement with
values found using ACh. No decrease in activity toward butyryl-
choline was observed. 2) Kinetics. The decrease in cholinester-
ase activities at different concentrations of ACh was determined;
the data showed that the 60HDA-depleted cholinesterase was inhib-
ited by high ACh concentrations. This is a characteristic prop-
erty of AChE but not BChE. 3) Selective inhibitors. In the SN,
the 60HDA-depleted. cholinesterase was inhibited by the selective
AChE inhibitors BW284C51 and ambenonium with a dose-response
similar to erythrocyte AChE but different from serum BChE. The
selective BChE inhibitor, isoOMPA, inhibited the 60HDA-depleted
enzyme only at concentrations which inhibit erythrocyte AChE,
concentrations somewhat higher than those which inhibit serum
BChE. These results support the results obtained histochemically
by Butcher et al. (J. Neural Transmission 37:127, 1975), and
indicate that AChE is contained in dopaminergic neurons of the
SN. Moreover, this is the first characterization of AChE from

a homogeneous population of non-cholinergic neurons in mammalian
central nervous system.

Supported by the Medical Research Council.

COURSE OF NEOSTRIATAL EFFERENT FIBERS INVOLVED IN THE EXPRESSION
OF ROTATIONAL BEHAVIOR IN RATS. John F. Marshall™ and Urban
Ungerstedt* (SPON: E.B. Goldstein). Karolinska Institutet,
Stockholm , Sweden.

Rats given a unilateral injection of 6-hydroxydopamine 'along
the ascending dopamine fibers of one hemisphere turn vigorously
away from the side of the cerebral injection when administered
apomorphine (0.25 mg/kg 1.p.) 1-3 weeks later.’ This contra-
lateral rotation appears due to the development of a super-
sensitivity to dopamine receptor stimulants in the denervated
neostriatum.

Extensive electrocoagulations of the caudate-putamen performed
in the same hemisphere as the prior 6-hydroxydopamine injection
largely blocked the apomorphine-induced rotation. Electro-
coagulations of the internal capsule during its telencephalic
or diencephalic course were similarly effective in blocking this
drug-induced behavior. However, extensive lesions of the globus
-pallidus which largely spared the internal capsule were without
effect.

Knife cuts made in the coronal plane immediately rostral to
the substantia nigra reduced the rotation by 54%. Knife cuts
in the same plane immediately caudal to the nigra were less
effective, blocking rotation by 25%.

These results suggest that neostriatal efferent fibers, in
particular the strionigral projection, are involved in the
expression of this dopamine-dependent behavior. (Supported in
part by grant No. MH 27441 to J.F.M.)
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LESIONED RAT STRIATUM. Edythe D. London* and Joseph T. Coyle
Depts. of Pharmacology and Psychiatry, Johns Hopkins University
School of Medicine, Baltimore, Maryland 21205, USA.

Stereotaxic injection of kainic acid (Ka) into the rat stria-
tum produces neurochemical and histologic alterations in the
nigro-striatal circuit similar to those seen in the neurodegener-
ative disorder, Huntington's Disease (HD). Ka injection causes
degeneration of cholinergic and GABAergic neurons intrinsic to
the striatum but leaves the nigral dopaminergic projection to the
striatum intact (Coyle and Schwarcz, Nature 263:244, 1976).

Since pharmacologic correction of the striatal acetylcholine (ACh)
deficiency might ameliorate the dyskinesia of HD, we have

examined the effects of systemic treatment with choline, dimethyl-
aminoethanol (Deanol) and physostigmine on the levels of ACh in
the striata of Ka-lesioned and control rats.

Rats received a stereotaxic injection of 3 pg of Ka in the
left striatum. Four days after the lesion, the rats received the
drugs IP injection and were killed by focused microwave irradia-
tion at various times after treatment (30 min, physostigmine;

15 min, Deanol; 40 min, choline). The levels of endogenous cho-
line, ACh and GABAwere measured in Ka-lesioned, contralateral and

Treatment Control Contralateral Ka-lesion
ACh + S.E.M. (p mol/mg tissue)
Vehicle 56.1+3.2 51.5+2.2 14.9+0.9
Choline (100 mg/kg) 66.8+4.0 80.0+2.2 36.9+4.3
Deanol (408 mg/kg) 44 4+2.8 78.1+12.3 36.248.2
Physostigmine (1 mg/kg) 110. +7.4 89.9+10.4 33.749.3

control striata. In Ka-lesioned striata, the levels of endoge-
nous GABA and ACh were reduced to 467 and 27% of control respec-
tively whereas the concentration of choline was unaffected.
Choline treatment caused a 19% increase in ACh in control striata,
a 55% increase in contralateral striata but a 120% increase in
the lesioned striata. Although Deanol did not alter ACh in con-
trols, it increased the levels by 52% and 114% in contralateral
and lesioned striata respectively. Physostigmine caused a similar
relative increase in control, contralateral and lesioned striatal
ACh. These studies indicate that the deficiency in striatal ACh
in the Ka-lesioned rat can be partially corrected by agents that
increase precursor availability or inhibit acetylcholinesterase.
Notably, choline and Deanol exhibit relatively greater effects in
the Ka-lesioned striata than in controls; thus, the synthesis or
storage of ACh in the surviving cholinergic neurons in the
lesioned striatum may be altered. (Supported by USPHS Grants MH
26654, NS 13584, MH-RCDA, and National Foundation Grant to JTC
and Fellowship MH-07142-01 to EDL).

CONTRAVERSIVE CIRCLING INDUCED IN THE RAT BY THE INTRANIGRAL
MICROINJECTION OE MUSCIMOL. G. E. Martin, C. B. Bacino* and

N. L. Papp.* Merck Institute, West Point, PA, USA, 19486.
GABA gs thought to act within the substantia nigra (SN) to in-

hibit the firing of dopaminergic cells which project to the stri-
atum. Accordingly, the direct unilateral application of a GABA
agonist into the SN should result in the inhibition of firing of
striatal dopamine neurons resulting in a preferential activation
of striatal neurons on the side of the brain contralateral to the
injection. It was anticipated that such treatment would evoke

an ipsilateral turning response. We tested this hypothesis
following the unilateral intranigral injection of muscimol, a
potent GABA agonist.

A 24 ga stainless steel cannula was implanted stereotaxically
in each of 38 rats at a site in the SN. As an anatomical control,
microinjections were made within the caudate nucleus. To anta-
gonize the turning evoked by muscimol, bicuculline (B) was ad-
ministered i.p. or intranigrally. In addition, GABA in doses
ranging from 2 to 50 pg was injected into the SN. All microin-
jections were delivered via a 30 ga cannula in a volume of 0.5
ul. Muscimol was administered in doses of 0.005, 0.05, 0.5 and
5.0 ug and a CSF vehicle control injection was made in each of 10
animals. The injections in each animal were spaced by an inter-
val of one week. Turning was measured for 2-min intervals at 10
min before and at 5, 15, 30 and 60 min after the injection. At
the end of the experiment, each microinjection site was verified
histologically.

Muscimol, at the two highest doses, evoked a marked contra-
lateral turning response significantly different from the re-
sponse to artificial CSF. No ipsilateral turning was observed.
The mean maximum turning response was observed within 30 min of
the injection and reached 2.9, 2.5, 6.1 and 14.8 turns per minute
(TPM) for the increasing doses of muscimol. B, administered i.p.,
did not diminish the turning evoked by muscimol, whereas the
intranigral application of B only partially antagonized the turn-
ing response. Injected in the SN, B alone did not evoke a sig-
nificant amount of turning. Neither the microinjection of GABA
in the SN, nor the administration of muscimol in the striatum
evoked any turning behavior.

At the doses tested, muscimol elicited turning contralateral
to the injection site in the SN in agreement with the previous
report of contralateral turning after the application of the
putative GABA agonist, baclofen in the SN (Kelly and Moore,
Pharmacologist, 1976, 18: 130). The mechanism of action of
muscimol in inducing contralateral turning requires further in-
vestigation, especially in relation to the currently held views
on the GABA-like action of this compound and the function of
striato-nigral GABAergic neurons.
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DESCENDING PROJECTIONS OF THE FELINE GLOBUS PALLIDUS.
Russell L. McBride* and Kenneth D. Larsen®. (SPON: J. Sutin)
Dept. Anat., Sch. Med., Emory Univ., Atlanta, GA 30322, and
Rockefeller Univ., New York, NY 10021.

The external segment of the globus pallidus may influence the
somatic motor system through projections to the subthalamic nu-
cleus and substantia nigra. We have identified an additiomal
projection which may also influence motor output.

As predicted from degeneration and autoradiographic studies,
we found entopeduncular nucleus (feline homologue of primate
internal segment of globus pallidus) neurons antidromically
activated by stimulation in the region of the pedunculopontine
nucleus. However, 8 of 105 neurons in the external segment of the
globus pallidus were also antidromically activated. The latency
of activation was 0.5 to 2.0 msec and the neurons were located
in the caudal portion of the nucleus. Autoradiographic and
horseradish peroxidase (HRP) experiments were performed to deter-
mine the terminal field and cells of origin of this descending
pallidal projection. In autoradiographic experiments, 0.2 ul of
3H leucine (100 uC/ul) was .injected into the external segment of
the globus pallidus. While a dense terminal zone was located in
the subthalamic nucleus, some axons continued caudally to termi-
nate in pars reticulata and pars compacta of the substantia
nigra; some axons projected further caudally and dorsally to
terminate in the caudal mesencephalon medial to the medial
lemniscus, ventral to the inferior colliculus. This caudalmost
terminal zone is primarily lateral to the entopeduncular nucleus
projection in the pedunculopontine nucleus, but the two
projections overlap slightly. In retrograde transport experiments
0.2 ul of a 50% solution of HRP (Type VI, Sigma) was injected
into terminal regions of pallidal neurons. Following injections
into medial substantia nigra, retrogradely labeled cells were
located in the rostrolateral portions of the external pallidal
segment. Injection into the lateral portions of the substantia
nigra or lateral to the pedunculopontine nucleus resulted in
labeled cells in the caudal ventral part of the nucleus. It
appears that, in contrast to the entopeduncular nucleus, the
descending projections of the external pallidal segment are
topographically arranged.

CELL CLUSTERING IN EARLY AND LATE POSTNATAL MOUSE STRIATUM.
Patricia L. Mensah, Dept. Anat., Sch. Med., USC, Los Angeles, Ca.
90033.

Characteristics of cell clustering in the postnatal neostriatum
were studied in mice from the day of birth to 6 weeks of age.
Paraffin embedded material was sectioned at 10 microns in trans-
verse, horizontal or sagittal planes and stained with either
cresyl violet or with a modification of the Cajal on-the-slide
silver staining procedure. Based upon earlier observations, the
head of the caudate nucleus was divided into 3 zones - a central
core region bordered by lateral and medial peripheral areas - and
the body of the nucleus into dorsal and ventral zones. In adult
mouse, the central core region of the head and ventral portion of
the body contain most of the large (25-30 u) cells of the struc-
ture. This study concentrated on studying the appearance of
these areas at different postnatal times.

Neuronal cell clustering is a consistent feature of all zones
at all postnatal times. Clusters range in size from a mean of 6
neurons per group at 3 days of age to a mean of 12 at 15 days or
later. Even as early as day 0, only one large cell was present
in the same cell grouping. Large fusiform cells occur most often
in the central core area of the head or ventral area of the body
of the nucleus after postnatal day 7. Cell clustering is extreme-
ly rigid in the central core zone of the head of the nucleus where
both clumps and rings of clustered cells occur. Although present
in other zones as well, the boundaries of individual groupings in
these areas may be difficult to identify due to the tendency of
some cells to occupy a position between neuronal groupings. This
tendency of cells to occupy areas outside of any clearly defined
cell aggregation is a developmental phenomenon that increases
with advancing age.

This work was supported by a seed grant from the University of
Southern California School of Medicine.
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TOXIC EFFECTS OF KAINIC ACID ON STRIATAL NEURONS: AGONISTS AND
ANTAGONISTS. Patrick L. McGeer and Edith G. McGeer. Xinsmen
Lab. of Neurol. Res., Dept. of Psych., Univ. of British Columbia
Vancouver, B. C., V6T 1W5, Canada

Local injections of kainic acid (KA) have been shown to destroy
neurons with cell bodies in the injected area. The mechanism is
not yet clear although it has been suggested that glutamate
receptors may be the point of initial attach (1) and electron
microscopic studies using small amounts (1-2.5 nm) of KA are
consistent with this hypothesis (2). We have sought to establish
what other agents might produce a similar effect and whether the
KA action can be modified by concomitant injection of various
drugs or prior pharmacological or surgical treatment. All injec-
tions were made into the caudate/putamen and choline acetyltrans-
ferase (CAT) and glutamic acid decarboxylase (GAD) activities in
the striatum were used as indices of neuronal degeneration. Both
the time and volume of injection must be kept constant to ensure
reproducible results.

Significant losses in both enzymes followed stereotaxic injec-—
tions of 40 nm DL-homocysteate or 50 nm L-glutamate but not after
10 nm ibotenic acid, muscazone, allylglycine or methionine
sulfoximine. The effect of small amounts (2.5-5 nm) of KA were
antagonized by coinjection of 50 nm of a-methylglutamate, diethyl
kainate, ornithine, diaminopropionic acid, or diaminobutyric acid
but not by 2-amino-4-phosphonobutyric acid, 2-amino-3-phosphono-
propionic acid, 2-aminopropylphosphonic acid, proline or H966.
They appeared to be increased in rats given 100 mg/kg of DOPA ip
(together with an MAOI) and to be decreased in rats treated
chronically with isoniazid under conditions reported to raise
brain GABA levels. The effect of 2.5 nm of KA on cholinergic
(but not GABAergic) neurons was significantly increased in
animals where the nigrostriatal dopaminergic tract had previous-
ly been destroyed by 6-OHDA treatment. Other pretreatments tried
included chronic morphine implantation, chronic reserpine,
chronic haloperidol, Na di-n-propylacetate, y-hydroxybutyric acid
amantadine, aminooxyacetic acid, 5-HTP or taurine while coinjec-
tions were made with dopamine, atropine, arecoline or GABA.

(1) Olney et al, 1975 Neuroscience Meeting
(2) Hattori et al, Brain Res. in press, and this meeting

Supported by grants from the MRC of Canada, the W. Garfield-
Weston Foundation and the Huntington's Chorea Foundation of the
United States.

POSTSYNAPTIC POTENTIALS EVOKED IN DEVELOPING CAUDATE NUCLEUS
NEURONS BY ACTIVATION OF THEIR AFFERENTS. R. Morris,* E Cherubini*
C.D. Hull, M.S. Levine and N.A. Buchwald. MRRC, Sch. of Med., UCLA

Los Angeles, CA. 90024.

Synaptogenesis in the caudate nuclei of cats starts prior to
birth and extends inte the postnatal period. By thirty days (old-
est age examined) adult synaptic densities have not been reached
(Adinolfi, A. Brain Res. in press). To extend our extracellular
single unit studies of the postnatal period of synaptogenesis we
are currently carrying out an intracellular study of developing
caudagte neurons.

Kittens (2-72 days of age) were anesthetized with NO, (60-70%)
0, (30-40%) and Halothane (1-0.5%). Stimulating electroaes were
placed stereotaxically in the ventral midbrain, medial posterior
thalamus (intralaminar nuclei region) and on the surface of the
precruciate cortex. The cortex overlying the head of the caudate
nucleus was ablated allowing direct visual placement of record-
ing electrodes.

In animals under 15 days of age (4 animals, 10 neurons) promin-
ent excitatory postsynaptic potentials (EPSPs) (4-10 mv) were
evoked in caudate neurons by stimulation (10-15 v, 0.1-1.0 msec)
of all three regions. At low frequencies of stimulation (.5-1 Hz)
these EPSPs usually depolarized the cell sufficiently to result in
spike initiation, however, higher rates of stimulation (above 8
Hz) the EPSPs continued to be evoked by each stimulus but few
resulted in spike initiation. In four of these units the initial
depolarization was followed by a period of hyperpolarization
(3-6 mv, 70-90 msec duration). This is in clear contrast to re-
sponses observed in adults and older kittens (above 50 days) where
EPSPs particularly those evoked by cortical stimulation are
followed usually by prominent long duration hyperpolarizations
(Inhibitory Postsynaptic Potentials, IPSPs). In animals 15-30 days
of age (8 animals, 40 neurons) 17 of the 29 units responding to
cortical stimulation showed initially an EPSR followed by a period
of hyperpolarization whose magnitude and duration was closer to
that of the IPSPs found in adult neurons. Typically, however,
these IPSPs also tended to be smaller in amplitude and shorter in
duration than those found in mature animals. Repetitive stimula-
tion at frequencies above 20 Hz produced prolonged depolarization
during stimulation, again indicating the less potent nature of the
IPSPs. We have examined three animals above 45 days old 4 neurons)
and here IPSPs of comparable magnitude and duration to those found
in adults were observed.

These results are in agreement with our earlier extracellular
data indicating the rapid postnatal development of excitatory re-
sponses in caudate neurons. In addition the current results sug-
gest that the inhibitory processes show a slower more gradual rate
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NIGRAL DESCENDING EFFECTS ON CERVICAL AFFERENT TERMINAL EXCITA-
BILITY AND DORSAL ROOT POTENTIALS. Fereshteh Motamedi* and
Donald H. York, Dept. of Physiol., Sch. of Med. and Dalton Res.
Center, Univ. of Missouri, Columbia, Mo. 65201

Previous behavioral studies have demonstrated head turning
movements upon stimulation of the basal ganglia. The neural
pathways mediating this behavior have not been defined. There-
fore the present study was undertaken to study the effects of
stimalation of the substantia nigra on changes in exciteability
of neck muscle afferents at the level of the cervical spinal
cord. Twelve adult male Sprague-Dawley rats (500-600 gm) were
anesthetized with urethane and a cervical laminectomy was per-
formed. Dorsal root potentials (DRP) were recorded from Cj or
Cy dorsal roots with platinum bipolar electrodes and evoked by
stimulation in the dorsal horn of the cervical spinal cord. A
bipolar stimulating electrode was placed in the substantia nigra
(pars reticulata), and was subsequently histologically verified.
A train of conditioning pulses delivered to the substantia nigra
(pars reticulata) (25-60 uA, 0.1 msec, 500/sec, 20 msec) evoked
a DRP. A decline in a spinal evoked DRP was observed when a
nigral train of pulses preceded the spinal evoked DRP by 5-10
msec. When the stimulating electrode was confined to substantia
nigra (pars compacta), no decrease in spinal evoked DRP was
observed. These results indicate that there may be a presynaptic
facilitation of cervical afferent terminals by a descending
nigral pathway. This suggests that such a pathway may contri-
bute to the mechanism responsible for head turning movements
during stimulation of the basal ganglia.

REGIONAL DISTRIBUTION OF DOPAMINE METABOLITES IN THE CAUDATE OF
RAT AND RHESUS MONKEY. N. Narasimhachari, R.C. Smith*, T.
Samorajski* and J.M. Davis (SPON: G. Pandey). Illinois State
Psychiatric Institute, Department of Research, Chicago, ITlinois
60612, *Texas Research Institute of Mental Sciences, Houston.

In our studies on the acid metabolites of dopamine in the
caudate of rats we noticed wide variations in HVA levels depend-
ing on the size of the caudate dissected. Small samples (10-

50 mg) gave values ranging from 3 ug/gm to 15 ug/gm (SEM 2.91
ug/g) and larger samples (80-140 mg) gave values from 1 to 1.5
ug/g (SEM 0.09 ug/g). This suggested differences in the regional
distribution of dopamine and its metabolites in the caudate. We
have now investigated HVA and 3-methoxytyramine Tevels in dis-
crete areas of the caudate of rat and rhesus monkey. The amine
and acid metabolite levels were determined in the right and left
caudate of the rat, the tissue was also dissected to three parts,
(anterior, midsection and posterior) weighing approximately 10,
20, and 10 mg respectively. Similarly eight sections each were
dissected out from the right and left caudate tissue of a rhesus
monkey. HVA was derivatized to methyl ester-TMS ether (1) and
3-methoxytyramine to isothocyanate-TMS ether (2) and quantitated
by mass fragmentography. Significant differences in the region-
al distribution of HVA levels were noticed in the rat caudate
and in the monkey. In the monkey the values ranged from non-
detectable to 4 ug/g. Zimmerberg et al (3) reported significant
asymmetry in striatal dopamine content. Further work on the
neuroanatomical differences underlying the differences in dopa-
mine metabolites in discrete areas of the two sides of the cau-
date is in progress.

1. N. Narasimhachari and K. Leiner and C. Brown, Clin. Chem.
Acta, 62, 245 (1975).
2, N. Narasimhachari and P. Vouros, Biomed. Mass. Spec., 1,
367, (1974).
3. ?1 Zir;vmerberg, S.D. Glick and T. P, Jerussi, Science, 185,
974).
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THE USE OF KAINIC ACID IN THE ANATOMICAL LOCALIZATION OF ENZYMES
IN THE SUBSTANTIA NIGRA. J. Nagy*, S. R. Vincent*, J. Lehmann%,
E. G. McGeer and H. C. Fibiger (SPON: S. C. Sung). Div. of
Neurol. Sci., Univ. of British Columbia, Vancouver, B. C. V6T 1W5.

Kainic acid (KA) was stereotaxically injected into the sub-
stantia nigra (SN) to gain further information as to the locali-
zation of the enzymes choline acetyltransferase (CAT), glutamic
acid decarboxylase (GAD), acetylcholinesterase (AChE), and
dopamine-sensitive adenylate cyclase (DAC) within this nucleus.
These studies were made possible by previous findings which sug-
gest that KA, when injected intracranially in a variety of brain
nuclei, destroys all neuronal cell bodies, while producing mini-
mal damage to axonal terminals in the area of injection.

A unilateral injection of 5 nmoles of KA in a volume of 1 ul
into the SN resulted 2 weeks later in virtually complete neuronal
degeneration in this structure as demonstrated by histological
examination. Also tyrosine hydroxylase activity (TH) in the
ipsilateral caudate nucleus was almost completely depleted. The
enzyme activities in the table are presented as percent of con-~
trol, both per mg protein and per SN. This is desirable since the

Enzyme Activities Following Intranigral Kainic Acid

Enzyme Per mg Protein Per SN
TH (caudate) 6.1 *x% -
GAD (caudate) 133.8 -
GAD 51.1 *%** 41,4 k¥
CAT 124.5 79.0
AChE 56.0 #** 36.1 #*x
DAC basal 151.2 110.8

1 uM Dopamine 146.1 * 126.8
10 uM Dopamine 172.9 * 124.8
100 uM Dopamine 166.2 ** 122.2

NaF 135.5 87.3

(* pd.05; ** p<.02; *** p&.001; Student's t, two-tailed)
shrinkage of the SN may lead to spurious results if the enzyme
activities were expressed only on the per protein basis. The
persistence of DAC in the face of almost total neuronal cell loss
supports the finding that DAC is not present on dopaminergic soma
in the SN and establishes that this enzyme is located exclusively
on nerve terminals. Similarily, the failure of KA to affect CAT
activity suggests that the source of CAT is external to the SN.
The partial decrease in AChE suggests both a cellular and ter-
minal localization of this enzyme. Although unlikely, a glial
contribution to these enzyme activities cannot be excluded.
Finally, although an effect of DA on terminals cannot be ruled
out, the partial decrease in GAD activity observed suggests that
some of the GAD is contained in interneurons within the SN.

(Supported by grants from the MRC of Canada)

MOTOR CORTEX PROJECTIONS TO THE CAUDATE NUCLEUS. II.
NEUROANATOMY. A. Nieto,* E. Garcia-Rill and A.M. Adinolfi.
MRRC, Sch. of Med., UCLA, Los Angeles, CA. 90024.

This study describes the distribution of fibers from the
precruciate motQr cortex to the head of the caudate nucleus.
Discrete lesions were made by suction ablation in lateral areas
(forelimb representation) and in medial areas (trunk representa-
tion). Care was taken not to involve the underlying white matter.
The cats were sacrificed one week later. Serial coronal and
sagittal sections, stained by the method of Fink and Heimer,
were analyzed to determine the patterns of terminal degeneration.
Small unilateral lesions of the medial precruciate cortex
produced diffuse terminal degeneration within the lateral one-
half of the rostral head of the caudate nucleus on both sides.
Lateral precruciate lesions, involving only the forelimb areas
on one side, resulted in bilateral terminal degeneration. °
However, its distribution to rostral caudate nucleus was confined
to a circumscribed area immediately adjacent to the internal
capsule and within the projection area of the medial motor cortex.
In all animals, the medial precruciate lesions resulted in more
terminal degeneration than the lateral lesions and the degenera-
tion is always more pronounced ipsilaterally. In more caudal
sections, dense terminal degeneration was found also in the
nucleus accumbens.

Supported by USPHS Grants NS-11932 and MH-7097, and by the
Instituto de Investigaciones Biomedicas (Universidad Nacional de
Mexico).
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HYPERACTIVITY VERSUS HYPERREACTIVITY IN FRONTAL CORTEX AND CAU-
DATE LESIONED CATS. Ch.E. Olmstead and J.R. Villablanca, Dept.
Psychiat., Ment. Retard. Res., Ctr., UCLA, CA, 90024.

An open field room (12 ft X 12 ft) was used to evaluate and com-
pare the behavior of normal male (INT, N=5) and oestrous female
(OE, N=4) cats and animals receiving ablations of the: a) caudate
nuclei (BAc, N=4), b) frontal cortices (BFr, N=5), c) one cerebral
hemisphere (large lesion control) (HEMI, N=5). All lesions were
performed in adult animals which were tested for three 15-min ses-
sions at approximately one week intervals. Following the comple-
tion of the three-day baseline periods various stimuli were intro-
duced into the unenriched environment and changes in the activity
of the animals were assessed in 3-5 additional sessions. The basic
data were the number of 27 in2 squares crossed in one minute in-
tervals. The INT were undistinguishable from HEMI animals and both
groups showed decreased activity across the minutes within indi-
vidual sessions (p < .001) and between individual days (p < .001) of
testing. Their adaptation (habituation) to the test room was es-
sentially complete by the end of the second testing day. Only the
tendency of the HEMI animals to ipsilateral rotation distinguished
them from the intact males. The BAc, on the other hand, showed
less decrease of activity as a function of time both within (p<
.001) and between sessions (p < .006) in the bare open field and
were actually most active on the second habituation day. In con-
trast, BFr and OE animals were extremely active and showed in-
creased activity as a function of days (p< .01). Within a session
both of the latter groups showed variability far in excess of that
observed in the other three groups. The introduction of olfactory,
visual, auditory and somatosensory stimuli into the field had the
most profound, albeit different, effects on the BAc and BFr groups.
The INT, HEMI and OE cats made only cursory inspections of the
stimuli and then proceeded to go to sleep. BFr cats showed an ini-
tial freezing to the onset of the stimulus followed by a somewhat
sporadic approach. BAc animals, regardless of lesion size, spent
the longest time inspecting the new stimuli and, irrespective of
the modality, appeared to show a preference for the first objects
or stimuli presented. Therefore, where BAc animals showed pre-
dominantly increases in reactivity, the animals with frontal le-
sions and those in active oestrous showed generalized activity in-
creases both in the empty and in the stimulus rich open field.
These data suggest that: a) the stimulus properties of the environ-
ment and their subsequent modification via conditioning might ex-
plain some of the behavioral observations previously made in acau-
date cats; b) that other dynamic components, rather than just
simple habituation,are operating in the adaptation of the indivi-
dual groups to the open field. (Supported by USPHS Grants
HD-05958, MH-07097 and HD-94612).

NEUROTRANSMITTER RECEPTOR ALTERATIONS IN PARKINSON'S DISEASE. T.D.
Reisine*, J.Z.Fields*, E.D.Bird*, P.Schreiner*, H.I.Yamamura and
S.J.Enna. Univ. of Ariz. Health Sci. Ctr., Tuc. AZ 85724; Adden-
brooke Hosp., Cambridge, Eng.; Univ. of Texas, Houston, TX 77025.

Investigation of neurotransmitter levels, and related enzyme
activities in human postmortem brains have helped elucidate the
pathophysiology of a number of neurological diseases. Parkinson's
disease (PD) is a chronic and progressive degenerative disease
characterized by lesions in the dopamine (DA) containing neurons
in the zona compacta of the substantia nigra. The ability of L-
dopa to alleviate the symptoms of PD is thought to derive in part
from a supersensitivity of the denervated DA receptors in the bas-
al ganglia (BG). In this study we examined the BG and frontal cor-
tex of PD and control brain samples for alterations in receptor
binding using 3H-spiroperidol, 3H-GABA, 3H-QNB and 3H-5HT, respec-
tively. Eighteen postmortem brain samples, nine with PD and nine
controls were assayed for receptor alterations as well as for
choline acetyltransferase (ChAc) activity.

In the putamen of PD brains we found significant reductions in
3H-5HT binding (36%), ChAc activity (55%), and significant in-
creases in 3H—QNB (30%) binding. In the caudate nucleus (CN), we
found significant decreases of 3H-spiroperidol (30%) binding in
PD samples whereas ChAc activity remained unchanged. No signifi-
cant receptor alterations were found in the globus pallidus al-
though, there was a significant lowering of ChAc activity. 3H-GABA
binding remained unchanged in all brain areas examined.

Our findings of the positive correlation of 3H~5HT binding with
ChAc activity in the putamen of PD samples may indicate that 5HT
receptors might reside on cholinergic interneurons within this
area. The increase in 3H-QNB binding within the putamen may be a
manifestation of supersensitivity of muscarinic receptors re-
sulting from the progressive loss of the striatal cholinergic in-
terneurons.

The affinity of 3H-spiroperidol binding as determined by Scat-
chard analysis in control brain is unchanged in PD. Thus the de-
crease of 3H—spiroperidol binding in the CN appears to be due toa
decrease in the density of DA receptors.

After long-term treatment of PD, some patients become refractory
to L-dopa therapy. The results of our studies suggest that the
lack of responsiveness to L-dopa therapy may result in part from a
progressive loss of striatal DA receptors. The lack of correlation
between DA receptor binding and ChAc activity in the CN suggests
that either DA receptors are desensitized from the chronic L-dopa
treatment or that some of the DA receptors are located on non-
cholinergic neurons that have degenerated. Supported by Hunting-
ton Chorea Foundation and the Committee to Combat Huntington's
Disease, NIH grants and RSDA.
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RESPONSES OF CAUDATE NUCLEUS NEURONS TO INTRACELLULAR STIMULI.
R.J. Preston*, M. Sugimori* and S.T. Kitai. Morin Memorial Lab.,
Dept. Anat., Sch. Med., Wayne State Univ., Detroit, Mich. 48201.

Neurons in the cat caudate nucleus (Cd) which were monosynap-
tically excited by substantia nigra (SN) or thalamic (CM) stimu-
lation were also analyzed for responses to direct transmembrane
stimuli. Direct stimuli were applied through glass electrodes
(1.5M KC1; 30-50 M) which simultaneously registered intracell-
ular potentials. Animals were anesthetized with pentobarbital,
artificially respirated and paralyzed with flaxedil. The para-
meters of constant current, rectangular direct stimuli were ad-
justed to obtain data on passive electrical constants as well as
spike discharge properties of the impaled Cd neurons.

Input resistance (Ro) (12 to 24 MQ, X=16.5, N=16) was deter-
mined from plateau values of membrane responses to hyper- and
depolarizing stimuli. Membrane time constants were estimated
from the exponential time course of responses to weak current
pulses (#0.5 nA) and ranged from 7.8 to 16.9 msec (mean 11.3
msec). Since the recorded cells are probably medium spiny
neurons, membrane resistance for an average cell is calculated
at nearly 8000Q-cm?. A resistance of this magnitude would en-
sure efficient electrotonic spread of synaptic currents from
distal dendrites to an axon trigger zone.

Single or repetitive spike discharge in Cd neurons was read-
ily evoked by SN or CM stimuli or by suprathreshold direct de-
polarizing stimuli. Spike threshold was higher for direct than
for synaptic activation (mean 7.2 vs 5.6 mV) and while firing
frequencies were similar for either stimulus mode (100-200
spikes/second) direct stimuli were able to elicit sustained
spiking with little adaptation. Neurons that showed spike prop-
erties suggesting accommodative regulation of firing threshold
(e.g., short latency with rheobasic stimuli; low capacity for
sustained firing) were those that appeared damaged by impalement
(spike potentials less than 45 mV; membrane time constants less
than 5 msec). These data suggest that the frequently noted
silence of Cd neurons is more likely due to inhibitory synaptic
influence than to intrinsic membrane specialization.

(This work was supported by NIH Grant NS 00405 and RR 5384.)

AN AUTORADIOGRAPHIC ANALYSIS OF THE EFFERENT PROJECTIONS OF THE
SUBTHALAMIC REGION IN THE RAT. Juarez A. Ricardo* (SPON: Walle
J.H. Nauta). Dept. Psychol., MIT, Cambridge, MA 02139.

The subthalamic region seems to be innervated by several
central structures, such as the cerebral cortex, the cerebellum,
and various somatogensory nuclei. The study of its efferent
projections, however, has been hampered in the past by the presence
of a great number of fibers traversing the region. We decided to
investigate this problem with the autoradiographic tracer
technique, which is thought to be able to circumvent the fibers-
of-passage difficulty. Small microelectrophoretic injections of
tritiated proline and leucine in the zona incerta and in the
nuclei of the fields of Forel in the rat revealed the existence
of widespread descending and ascending projections which are
mainly ipsilateral with minor crossed components. Fibers radiate
dorsomedially from the injection site and lead to labeled fields
in the thalamic parafascicular nucleus, extensive regions of the
central gray substance (extending as far caudal as the genu of
the facial nerve), interstitial nucleus of Cajal, and several of
the pretectal nuclei (anterior, posterior and medial nuclei, and
nuclei of the posterior commissure). Another component distributes
itself to middle and deep layers of the superior colliculus,
mainly in their lateral portions. A more directly descending
component innervates the red nucleus (mainly its parvocellular
portion) and a wide region of the midbrain reticular formation.
This bundle of fibers continues caudalward, occupying a ventro-
medial position in the tegmentum, and at pontine levels
innervates the nucleus reticularis tegmenti pontis, restricted
sectors of the pontine nuclei, and the nuclei reticularis pontis
oralis and caudalis; sparser labeling marks also the parabrachial
region. At still more caudal levels this bundle comes to
innervate the medial portions of the nucleus reticularis giganto-
cellularis and of the nucleus reticularis medullae oblongatae,
pars ventralis, and restricted districts of the inferior olive; a
smaller component of this descending bundle reaches the spinal
cord. Ascending fibers lead from the injection site to labeled
fields in several thalamic nuclei (ventromedial nucleus, nucleus
reuniens, nucleus centralis medialis, nucleus paracentralis and
nucleus centralis lateralis), in the entopeduncular nucleus, in
the posterior hypothalamic nucleus, and in the lateral hypothalamie
area. Preliminary evidence suggests that the subthalamic nucleus
of Luys, on the other hand, projects significantly only to the
substantia nigra (chiefly to its pars reticulata), to the ento-
peduncular nucleus, and to the external segment of the globus
pallidus. (Supported by PHS Grant NS06542, by NSF Grant 7681227,
and by FAPESP Grant 04-75/0167.)
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139 SHORT-STEP LOCOMOTION RELEASED BY ANTI-CHOLINERGIC DRUGS IN THE

AFFERENTS TO THE CAUDATE NUCLEUS IN THE CAT.
G. James Royce. Dept. Anatomy, University of
Wisconsin, Madison, WI 53706.

The horseradish peroxidase tracing method has been
used to analyze the afferent connections of the
caudate nucleus in the cat. Following HRP injections
which were restricted to the head and body of the
caudate nucleus, labeled neurons were present bilat-
erally throughout an extensive rostral zone of the
neocortex. The most heavily labeled region of cortex
was the anterior sigmoidal gyrus. Other cortical
regions, which contained HRP labeled cells included
the posterior sigmoidal, the anterior lateral,
anterior suprasylvian, the anterior ectosylvian and
the anterior sylvian gyri. Labeled cells were also
apparent within the gyrus proreus, the anterior
limbic cortex and the cingulate gyrus. All HRP
positive cortical neurons were small to medium sized
pyramidal cells. Such cells were located in layers
II-VI, but were most prominent in layers III-V.

In addition to the prominent cortical regions of
labeling, several thalamic nuclei also contained
HRP-labeled neurons. The greatest number of labeled
cells within the thalamus were located within the
centromedian, the central lateral and the ventral
anterior nuclei. Other thalamic zones including the
central medial, the paracentral, the parafascicular,
the dorsomedian, the lateral dorsal and the lateral
posterior nuclei also contained labeled neurons.

Of particular interest was the presence of a
significant number of labeled cells within a specific
portion of the amygdaloid complex, i.e., the pars
magnocellularis of the basal amygdaloid nucleus.

Finally, a large number of neurons within the
pars compacta of the ipsilateral substantia nigra
were densely labeled. 1In addition to this prominent
ipsilateral projection, several scattered labeled
neurons were also present within the ipsilateral
pars reticularis and the contralateral pars compacta
of the substantia nigra. (Supported by University
of Wisconsin Graduate School Grant 135-4424).
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AKINETIC, 6-HYDROXYDOPAMINE-TREATED RAT. Timothy Schallert*, Ian 140
Whishaw*, V. D. Ramirez*, and Philip Teitelbaum. Dept. Psych.,
Univ. Illinois, Champaign, IL 61820.

Intraventricularly applied 6~hydroxydopamine (6-OHDA) severely
depletes brain catecholamines in rats, and produces a complex set
of symptoms that include akinesia or bradykinesia, and rigidity.
Parkinson patients display similar disorders of movement. In both
the akinetic rat and the Parkinson patient, the symptoms are
thought to be related primarily to the disruption of dopamine
transmission in the nigrostriatal system.

In the present study, using as a model the rat depleted of
brain catecholamines by intraventricular application of 6-OHDA,
we demonstrated that short-step locomotion, a form of walking
strikingly analogous to the gait of Parkinson patients, can be
temporarily released by anti-cholinergic drugs (atropine or
scopolamine) in otherwise profoundly akinetic rats.

A radioenzymatic assay for dopamine and noradrenaline was used
to confirm the effectiveness of the 6-OHDA treatment. The amount
of walking was determined primarily by recording the number of
revolutions in an activity wheel. Relative to control animals,
the 6~OHDA-treated, catecholamine-depleted rats displayed a dose-
dependent hyperkinesia when given atropine or scopolamine. The
peripherally-acting anti-cholinergic drug, atropine methyl nitrate,
had no significant effect.

The most profoundly akinetic rats showed the greatest amount
of walking after anti-cholinergic drugs. For example, a rat
that had never been observed to walk spontaneously showed nearly
3,000 activity-wheel revolutions in the eight hours following a
single injection of 50 mg/kg atropine.

There were a number of interesting features in the locomotor
behavior of the otherwise akinetic 6-OHDA-treated rats given
atropine. For example, the walking steps released in the 6-OHDA
rats were shorter than those of control rats given anti-cholin-
ergics. To demonstrate this, we brushed the hind feet of the
animals with ink and measured the distance between each of the
resulting foot prints. The short-step, Parkinson-like gait of
the 6-OHDA-treated animals was always quite striking.

In conclusion, our results support the long-established
clinical value of anti-cholinergics in the treatment of some
symptoms of human Parkinsonism, and-suggest possible use to
counteract akinesia. They also support the view that there is a
mutually antagonistic interaction between catecholaminergic
and cholinergic systems in the brain.
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IMPAIRED LEARNING AND MEMORY AFTER KAINIC ACID LESIONS OF THE
STRIATUM: A BEHAVIORAL MODEL OF HUNTINGTION'S DISEASE
Paul R. Sanberg, John Lehmann* and Hans C. Fibiger. Div. Neurol.
Sci., Dept. Psychiat., Univ. of B.C., Vancouver, B.C., V6T 1W5

Intrastriatal micro-injection of kainic acid in rats has
recently been shown to cause dramatic and permanent decreases in
choline acetyltransferase (CAT) and glutamic acid decarboxylase
(GAD), enzymes thought to be associated with cell bodies in the
caudate-putamen (CP). In contrast, tyrosine hydroxylase (TH), an
enzyme found only in nerve terminals whose perikarya are extrinsic
to the CP is not affected. The selectivity of kainic acid in
lesioning cell bodies but not terminals in the CP and its result-
ing biochemical sequelae have demonstrated that this procedure
may be potentially useful as a biochemical model of Huntington's
disease (HD) (Coyle and Schwarcz, Nature 263: 244, 1976; McGeer
and McGeer, Ibid, 517). Clinically, HD is almost always associat-—
ed with progressive intellectual deterioration and other psycho-
logical symptoms including impairments of memory and judgement.

In this study the effects of kainic acid induced lesions of the
CP on locomotor -activity and on passive avoidance learning and
memory were evaluated.

Bilateral injections of kainic acid (6 nmoles in 1 ul) into
the CP of rats (n=11) resulted in impairment of both acquisition
(P <.001) and 24 hr retention (P <.0l) of a step-down passive
avoidance task when compared to controls (n=12). Spontaneous
locomotor activity measured in photocell activity cages was not
significantly affected. Biochemical analysis on CP and cortical
samples on behavioral subjects showed a significant reduction in
CAT (22%) and GAD (25%) in the CP whereas TH activity was not
significantly changed. The activities of CAT and GAD in cortical
samples did not differ from controls, suggesting that the damage
was confined to the CP. CP tissue weights were significantly
less than controls (22%) which is consistent with previous find-
ings in HD (Lange et al, J. Neurol. Sei. 28: 401, 1976). This
decrease in tissue weight reflects shrinkage of the CP over the
long survival period (75 days) and accounts for the smaller de-
creases in CAT and GAD reported here, compared to losses reported
for shorter survival periods (McGeer and McGeer, Nature 263: 244,
1976; unpublished observations).

The present observation, showing that rats with these lesions
also displayed marked deficits in learning and memory, indicates
that this preparation may not only represent a biochemical model
for HD but is a potentially useful animal preparation for studying
the psychological deficits associated with this disease. Finally,
because of the specificity of these lesions, it also suggests that
the corpus striatum serves as an important neuronal substrate for
complex psychological processes such as learning and memory.

Supported by the Medical Pesearch Council of Canada.

PROTEIN SYNTHESIS AND GLUTAMATE UPTAKE AND BINDING IN THE RAT
NEOSTRIATUM FOLLOWING KAINIC ACID INJECTIONS. V. K. Singh,

E. G. McGeer and P. L. McGeer. Kinsmen Lab. of Neurol. Res.,
Dept. of Psych., Univ. of British Columbia, B.C., V6T 1W5, Canada.
Stereotaxic inj¥ctions of 1-5 nm of kainic acid (KA) into the

caudate/putamen (CP) of a rat causes degeneration of neuronal

cell soma in the injected area with concomitant losses in glutamic
acid decarboxylase (GAD) and choline acetyltransferase (CAT);
dopaminergic nerve endings are not destroyed and tyrosine hydro-
xylase (TH) activity is not reduced. These enzymic changes are
comparable to those seen in Kuntington's chorea. Changes in
striatal proteins have also been reported in chorea. The incor-
poration of “H-leucine into proteins was examined at various

times after the stereotaxic injections of 5 nm of KA into the

CP; rats were killed 2 hours after the stereotaxic injection of
H-leucine and the amount of label in acid-insoluble material
determined in the whole homogenates and in the nuclear and cytosol
fractions. There was a 40-50% reduction in the total incorpora-
tion of “H-leucine at 1-2 days after the KA injection. At 3 days,
however, the incorporation was increased to about 160% of control
and was maintained at elevated levels until 5-10 days following
the KA lesion. The reduction in incorporation at 1-2 days was
limited to the cytosol fraction, whereas the increased accumula-
tion at 3-10 days was in the nuclear pellet.

The binding of 3H-colchicine to the cytoplasmic supernatant was
decreased 30% and 607%, respectively, at 1 and 5 days after KA
injections suggesting the loss of microtubular filaments of the
neurons at the injection site.

Binding of !" C-glutamate to the crude synaptosomal membrane
fractions was reduced by 40-60% at 5 days after KA injections;
this reduction is consistent with the existence of glutamate
receptors on the affected neurons. High affinity, sodium-
dependent uptake of glutamate into a synaptosomal preparation
was not reduced in the CP of rats receiving 2.5 nm of KA and was
increased significantly (to 137%) at a time (2 days) when GABA
uptake was decreased to 57% of control, GAD to 64% of control
and CAT to 62% of control. Since there is evidence that much
of the high affinity uptake of glutamate in the striatum is into
terminals of the cortico-striatal tract, this result is another
indication that KA does not lesion primarily axon terminals. The
increased uptake, like the increase in TH observed in KA-injected
striata, suggests that the activity in the presynaptic boutons
may be increased by either a presynaptic effect of KA itself or
as a secondary response to degeneration of the post-synaptic-
elements.

Supported by grants from the MRC of Canada, the W. Garfield-
Weston Foundation and the Huntington's Chorea Fdn. of the U. S.
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MOTOR AND BEHAVIORAL CHANGES IN CATS FOLLOWING CHOLINERGIC
STIMULATION OF THE CAUDATE AND ENTOPEDUHCULAR WUCLEI. Paulette
Springer* and Russell E. Dill. Dept. Anat., Baylor Coll. Dent.,
Dallas, Tx. 75246.

An electromyographic (EMG) study using fine wire electrodes
was made of tonic activity of neck extensor muscles in cats
following injection of carbachol (0.5-2 pg) into the head of the
caudate nucleus and entopeduncular nucleus. Intracranial injec-—
tions were made unilaterally via chronic cannulae implanted bi-
laterally.

Changes in muscle tone were recorded and quantitated by means
of standard EMG equipment. and spike counters with digital-to-
analog converters. One second histograms were made of motor unit
activity both ipsilateral and contralateral to the drug injection
site prior to and at 10-20 min after drug injection. Similar
records were made of saline injections in the same sites and com-
pared with records obtained during carbachol treatment. All
cannula sites were verified histologically.

Injection of carbachol in the caudate produced an eight fold
increase (P< 0,001) in motor unit activity on the contralateral
side and a three fold increase (P<0.001) on the ipsilateral side
as compared with saline effects. Carbachol injected into the
entopeduncular nucleus produced a 560 fold increase (P <0.001)
in motor unit activity contralaterally and a 2.3 fold increase
ipsilaterally. These EMG records verify the behavioral changes
seen after injection of carbachol into the caudate and ento-
peduncular nuclei. These were circling and neck torsion
respectively.

Other injection sites (internal capsule, cortex and nucleus
accumbens septi) did not produce these effects.

CATS WITH LESIONS OF THE CAUDATE NUCLEI ARE BEHAVIORALLY HYPER-
REACTIVE. J.R. Villablanca and Ch.E. Olmstead, Dept. Psychiat.,
Ment. Retard. Res. Ctr., UCLA, CA, 90024.

We have previously demonstrated that hyper-reactivity to exter-
nal stimulation is a component of the syndrome observed in adult
cats receiving caudate nuclei ablations as kittens. Behavioral
responses of 16 adult cats with ablations of the caudate nuclei
through a midline approach (BAc, N=4), removal of the frontal cor-
tices (BFr, N=5), and of intact cats (INT, N=7) were scored on a
6 point scale during presentation of recorded cat vocalizations or
of pure tones. Twenty seven sequential 15 sec presentations of
cat vocalizations were made at 1 min intervals on 2 consecutive
days. One week later the animals were similarly tested using 2
kHz tone stimulus. All animals showed initial distinct behavioral
responses to both vocalizations and tones. On day 1 of call pre-
sentations all INT animals, 3 BAc and 1 BFr showed the maximal re-
sponse. During the first day's presentation INT animals showed
the most rapid decrement followed by BFr and BAc cats. Where the
BFr were readily distinguishable from BAc animals on day 1, on day
2 of call presentations they both showed very little savings from
previous days and habituated similarly. On the first day of tone
presentation INT animals showed savings from the previous habitua-
tion experience. BFr showed more savings than INT and BAc showed
the least such that both lesion groups were not significantly dif-
ferent from day 1 of the cat call. Two additional differences were
noted. First, when the INT stopped responding, no further re-
sponses were seen throughout the session, while the BFr showed
periods of non-responses followed by brief bouts of responding and
the magnitude of responding was in itself variable. Secondly, the
response pattern of BAc animals fit well with the previously ob-~
served stereotyped behavior in BAc cats; i.e., the animals re-
sponded at the same intensity for long periods of time (i.e., runs
of simple head turns). The levels of habituation described for both
BAc and BFr cats remained stationary across several months. To
better analyze behavioral responsiveness, some animals were tested
using "conspecific" vocalizations and artificial laboratory sounds.
This demonstrated that behavioral reactivity per se and its habi-
tuation are quite different depending upon the classes of stimuli
used. These results show that, both by the criteria of initial
responsiveness and habituation of that responding, animals receiv-
ing lesions of the caudate nuclei or the frontal cortices as adults
are distinctly different, i.e., much more hyper-reactive, than
either intact cats or those receiving comparable lesions as kit-
tens. The rank ordering of groups, however, still remains, i.e.
INT showed the most rapid habituation followed by BFr and, finally,
by BAc. This seems to confirm that both frontal areas and the
caudate nuclei are involved in the regulation of behavioral reac-
tivity. (USPHS Grants HD-05958, MH-07097 and HD-94612).
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DENDRITIC INHIBITION OF THE CAUDATE SPINY NEURON. C. P.
VanderMaelen*, J. D. Kocsis* and S. T. Kitai (SPON: J. A.
Rafols). Morin Memorial Lab., Dept. Anat., Sch. Med., and
Dept. Psychol., Wayne State Univ., Detroit, MI 48201.
Intracellular recordings were made in the caudate (Cd)
nucleus in cats anesthetized with a-chlorolose (80 mg/kg).
Glass microelectrodes were filled with 2 M KC1 and had DC resis-
tances of 30 to 50 MQ2. In some instances the electrode was
filled with 47 horseradish peroxidase (HRP) in 0.2 M KCl in
order to intracellularly stain the recorded neuron. All identi-
fied neurons were medium sized, with aspiny somata and proximal
dendrites, and spine laden distal dendrites. Stimulating elec-
trodes were placed in the substantia nigra (SN) and the centro-
median-parafascicular complex (CMP) of the thalamus. Stimula-
tion of SN induced a short latency monosynaptic EPSP of low
amplitude, designated Cl; and a longer latency monosynaptic
EPSP of large amplitude, designated C2. The C2 EPSP arose from
the falling phase of the Cl EPSP. CMP stimulation always re-
sulted in a slow monosynaptic, large amplitude EPSP similar to
C2, but occasionally a Cl-like response was also observed.
Double stimualtion of SN or CMP resulted in amplitude reduction
or elimination of the test C2 EPSP, while Cl remained unchanged.
The reduction in the test C2 EPSP followed an orderly time
course, beginning at conditioning-test interstimulus intervals
(ISIs) of about 12 msec, and lasting up to 300 msec. With ISIs
less than 12 msec, summation of C2 EPSPs occurred. In some
cases IPSPs were observed following the C2 EPSP. The time
course of the C2 reduction followed that of the IPSP. But even
when no IPSP was seen, C2 reduction still occurred. In field
potential analysis, SN stimulation evoked a negative-positive
potential in.the Cd nucleus. The positivity corresponded in
time with the C2 EPSPs. Double stimualtion of SN resulted in a
reduction of the positive field potential, with a time course
paralleling that for the C2 EPSP reduction. These data indicate
that in the Cd spiny neuron inhibition may be operating distally
on the dendrites, "shunting' the C2 EPSP which is induced in the
distal dendrites and the spines. The Cl1 EPSP may be generated
on the proximal dendrites and/or on the soma, and is virtually
unaffected by the dendritic inhibition. (This work was sup-
ported by NIH Grants NS00405 and RR5384.)

OBSERVATIONS ON THE INTRINSIC ORGANIZATION OF THE RAT SUBSTANTIA
NIGRA. C. J. Wilson*, S. J. Young* and P. M. Groves. Dept.
Psych., Univ. Colo., Boulder, CO 80309.

Light and electron microscopic observations, and auto- and
cross-correlational analyses of extracellularly recorded sponta-
neous neuronal activity have been used to investigate the intrin-
sic organization of the rat substantia nigra.

Most of the neurons of the substantia nigra, pars compacta are
of medium size. Each possesses two sets of dendrites, one which
descends into pars reticulata, and one which forms a disk-like
dendritic field within the pars compacta, where it overlaps exten-
sively with those of other pars compacta neurons. Auto-correla-
tion histograms computed from spontaneous spike trains of pars
compacta neurons are characterized by an 80-250 msec. period of
low firing probability which follows generation of an action
potential. Cross-correlations between simultaneously recorded
pars compacta neurons indicate that nearby cells inhibit each
other with a similar time course. A possible substrate for both
of these phenomena is suggested by electron microscopic investi-
gation of material taken from animals treated with 5-hydroxydopa-
mine, which reveals the presence of monoaminergic dendro-dendritic
synapses in the pars compacta.

In contrast, neurons of pars reticulata show a much shorter
(15-45 msec.) post-firing inhibitory period. The majority of
these show a tendency toward regular firing, and no tendency to
inhibit each other. They probably correspond to the medium- and
large-sized pars reticulata neurons seen in Golgi-stained prepa-
rations. A third less common neuron firing in a bursty pattern
may correspond to the nigral interneuron. Cross-correlations
between these and the more common pars reticulata neurons suggest
that they may be arranged in a recurrent inhibitory network.

Supported by grant DA 01467 from the National Institute on
Drug Abuse and Research Scientist Development Award K02 MH 70706
from the National Institute of Mental Health.




BRAIN METABOLISM AND
NUTRITION






145

47

REHABILITATION FOLLOWING MALNUTRITION: MORPHOLOGICAL STUDIES OF
THE RAT CEREBRAL CORTEX. Ane Angulo: ° Department
of Anatomy, Boston University S 1 of Medicine, Boston MA 02118
The effects of protein malnutrition and the possibility of re-
habilitation have been studied in the somatosensory cortex of the
rat. Animals were malnourished by giving their mothers an 8% ca-
sein diet beginning on day 10 of gestation and continuing until
20 days after birth. At this time rehabilitation was attempted
by: ag feeding the animals a 24% casein diet, b) leaving the pups
with their mother until they were 40 days old and c¢) reducing the
litter size from 8 to 4 pups. Control animals were fed a 24% ca-
sein diet throughout the experiment. Observations were made on
tissue from animals 20, 40 and 70 days old fixed by vascular per-
fusion of aldehydes. For 20 and 40 day animals the somatosensory
cortex from one hemisphere was embedded in Araldite, and that
from the contralateral side was processed for Golgi staining.
Previous work (Colmenares, Neuroscience Abstracts, 2: 210, 76) on
20 day animals showed a reduction in the size of the cerebral he-
mispheres, in the thickness of somatosensory cortex, and in the
proportion of tissue occupied by neuropil. In the latter case the
difference was greatest in the upper half of layer II, less in
the lower part of layer II and not statistically significant in
layers III and IV. I now report on further analysis of 20 day old
animals and observations on rehabilitated 40 and 70 day animals.
At 40 days the length and width of the cerebral hemispheres, al-
though nearer control values than at 20 days, are still signifi-
cantly different. The thickness of the cerebral cortex is no
longer significantly reduced and neither is the percent neuropil
in layer II. The cell body volume of layer II neurons was mea-
sured in 1 pm plastic sections., In the 20 day old animals it is
reduced by 23% (P{.05) and at 40 days a 12% difference in the re-
habilitated animals-is no longer statistically significant. In
Golgi preparations the thickness of the apical and basal den-
drites of layer II pyramidal neurons was measured at a distance
of 20 pm from the center of the cell body. At 20 days of age the
thickness of both apical and basal dendrites is reduced in the
malnourished animals by 13% (P(.025) and 16% (P<.005) respective-
ly. At 40 days, following rehabilitation, the thickness of both
kinds of dendrites has improved to 12 and 13% respectively and
the differences were still statistically significant (P<.05 and
P¢01). At 70 days, figures are available only for cerebral hemi-
sphere measurements. The length in the rehabilitated animals is
9% of controls, the width 98% and the height 100%. None of these
differences is statistically significant. These observations
suggest the possibility that a normal structure of the cerebral
cortex may he achieved following early mainutrition if adequate
rehabilitation 1s provided following the stage of deprivatioen,

EXTRACELLULAR POTASSIUM CHANGES DURING ISCHEMIA IN GERBILS.
William F. Blank. NIH, Bethesda, MD 20014.

Extracellular potassium concentration (Ko) was measured con-
tinuously in gerbil cortex during ischemic insults caused by
occluding one or both carotid arteries. Exponential increases
in Ko were seen which resembled cortical spreading depression
and which usually reached valves in excess of 100 mM. The fall
in potassium after reversal of the insult occurred in two stages.
A slow initial component occurred which may represent washout of
Ko during re-establishment of blood flow. Following this the
fall of Ko accelerated and could be described by.a single expo-
nential equation with a rate constant of about 0.03 per second.
Undershoots of Ko of up to 0.5 mM below control Tevels (mean
3.0 mM) were frequently seen after reversal. With repeated or
prolonged insults, the maximum rates of Ko rise decreased; the
rate constants of the fall decreased; the Ko equilibrated at
higher levels after reversal of the insult; and the undershoots
disappeared.

Portions of the gerbil cortex were frozen with a dry-ice/
acetone mixture in order to produce gliosis. Neurons were not
present within the areas of astrocytic proliferation. Ko chan-
ges during ischemia were measured in the gliotic cortex and in
normal cortex nearby. The changes of Ko in the normal portions
of the cortex were similar to those described above. The Ko
rise in the gliotic cortex was linear. The mean rate of rise
was 3.7 mM/min. The kinetics of the fall following reversal
was similar to that seen in intact cortex, however, undershoots
were not seen and the rate constants were greater.

It is postulated that the nresence of neurons is necessary
for the occurrence of the exponential rise of Ko and the under-
shoot of Ko following reversal. The exponential rise probably
occurs because of increased neuronal membrane oermeabi]ity due
to massive transmitter release. The 11near rise in gliotic cor-
tex is probably due to inhibition of Na*-K* ATPase of the astro-
cytes (see Blank, W. F. and Kirshner, H: S., Brain Research 123:
113-124, 1977).
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146 THE COMPARATIVE EFFECT OF HYPO- AND HYPER-OSMOTIC BLOOD PLASMA

UPON BIOCHEMICAL CHAMGES IN BRAIN TISSUES. Claude F. Baxter and
Roger A. Baldwin™. Neurochemistry Laboratories, V.A. Hospital,
Sepulveda, CA 91343, and Dept. of Psychiatry, UCLA School of
Medicine, Los Anaeles, CA 90024.

Hypo- and hyper-osmotic chanqes in the blood plasma of the toad
{Bufo boreas) in vivo are accompanied by correspondina depression
and elevation.of most “nonessential” amino acids, some
“essential” amino acids, some amines, urea and ammonia in the
brain tissues. In general, hypo-osmotic plasma conditions de-
creased and hyper-osmotic plasma conditions increased amino acids
and their related compounds. Exceptions to this rule are
methionine, isoleucine and leucine, which are elevated, and 3-
methylhistidine, the level of which is depressed by osmotic
changes in either direction; phenylalanine, lysine and to some
extent histidine are elevated under hypo-osmotic and depressed by
hyper-osmotic plasma conditions. The most striking change in
brains of the hypo-osmotic toads is the depression of tyrosine
levels tp approximately one-third of their normal values. The
patterns of changes in brain tissues indicate that different
methanisms reaulating steady-state levels of amino acids and
related compounds are affected by hyper- and hypo-osmotic condi-
tions in the toad. These results have provided clues for bio-
chemical mechanisms in brain, 1iver and other organ systems that
may be susceptible to direct or indirect osmotic regulation.

Some of these mechanisms have been or are being tested, and the
results of these experiments will be presented.

A GENETIC PREDISPOSITION TO THIAMINE DEFICIENCY IN FOUR PATIENTS
WITH THIAMINE-DEFICIENCY DEMENTIA. John P. Blass and Gary E.
Gibson. UCLA Medieal School, Los Angeles, California 90024.

The Wernicke-Korsakoff syndrome is a well-characterized neuro-
psychiatric disorder associated in its chronic form with dementia,
deficient short-term memory, and confabulatory psychosis. It is
known to be due to a lack of dietary thiamine, but the rarity of
this syndrome and its ethnic distribution suggest that genetic
factors also play a role in its pathogenesis. We therefore stu-
died the properties of transketolase (EC 2.2.1.1), a thiamine-
dependent enzyme which is known to be affected early in thiamine
def1c1gncy, in cyltured skin fibroblasts from four patients with
typxcal chronic Wernicke-Korsakoff syndrome and six controls.
Cultured fibroblasts are known to maintain the genome of the
individual from whom they were derived during serial passages in
culture which dilute out the material in the original biopsy by
several million-fold. Thus abnormalities which persist in cul-
ture are presumably genetic rather than consequences of the dis-
ease or of malnutrition, alcohol abuse, etc. Transketolase
activity was measured by a standard spectrophotometric coupled
enzyme assay. Endogenous thiamine pyrophosphate (TPP) was re-
moved from the enzyme by precipitation with (NH4)2SO4 at pH 3.5.

Transketalase from all 4 patients showed an apparent Ky for
TPP about one order of magnitude higher than for controls, al-
though activity in the presence of saturating amounts of TPP was
comparable to controls.

Kp_for TPP Activity (Saturating TPP)

(pﬁ) (nmol/min per mg protein)
Comtrols 16 + 17+1
Patients 195 + 31 22 +3
#1 281 + 79 15 + 3
#2 196 + 45 22 %4
#3 156 + 40 24 + 1
#4 146 + 45 27 +5

These results suggest that the patients have an inherited ab-
eration in transketolase which would be a benign polymorphism on
an adequate diet but predisposes them to developing thiamine defi-
ciency on a diet marginal in thiamine. This '"vitamin insuffi-
ciency syndrome" is an example of an inborn predisposition to the
development of a neuropsychiatric disorder.

(This research was supported in part by National Foundation -
March of Dimes grant 6-79, NICHD grant HD06576, and Public Health
Service Grant RR05756-03 from the NIMH.)



149

SOCIETY FOR NEUROSCIENCE

EFFECT OF INSULIN INDUCED HYPOGLYCEMIA ON CEREBROSPINAL FLUID
PRODUCTION. E. Fritschka*, M. E. Carey*, A. R. Vela*,

J. J. Spitzer* (SPON: G. H. Ojemann). Dept. Physiol. and
Neurosurg., L.S.U.M.C. Sch. Med., New Orleans, LA 70112.

The choroid plexus is thought to be the major source of CSF.
Choroidal CSF is produced by an active secretory process in-
volving Nafkt ATPase. The choroid plexus also actively accumu-
lates glucose and galactose from the CSF, perhaps by means of a
Tow capacity sugar pump. (Progress in Brain Res 29:147,1967).

No data are available concerning the effects of insulin induced
hypoglycemia on CSF production (Vf)

Acute ventriculocisternal perfusion using mock cerebrospinal
fluid containing blue dextran was used. to measure CSF production
in the anesthetized dog. Twelve mongrel dogs weighing approxi-
mately 10 kg were divided into two groups of 6 animals each.
After an equilibrium period of 2 hrs to allow homogenous distri-
bution of blue dextran in CSF basal control rates of cerebro-
spinal fluid production were obtained for 60 min. Following this
control period the experimental animals received a constant
intravenous insulin infusion of 1.5, 2.0 and 3.0 U/kg/hr. Blood
samples and ventriculocisternal perfusate samples were collected
on ice at 20 and 40 min for glucose and insulin determinations.
Vf was estimated at a frequency of 20 min over the experimental
time of 240 min. The control group was treated likewise, but
received no insulin infusions.

Our experiments show that severe insulin induced hypoglycemia
reduced CSF production. The Vf decreased significantly in all
experimental animals and averaged after 240 min 40% of the con-
trol value. The Vf of the control group did not change signi-
ficantly as determined by two way analysis of variance. The Vf
in the experimental animals could be expressed as a 1ogariEhmic
function of the g]ucoss concentration of both the blood (ré=.71)
and the perfusate V (r¢=.83). Vf is approximately constant
between blood glucose levels of 100 mg% and 20 mg%. Below 20 mg%
a rapid decrease was observed. A linear regression of the mean
Vf in each experimental period could be best fitted with a curve
according to the formula Vf = .05 - .01x, x being the time in
hours (ré= .87). The mechanism of the Vf decrease remains to be
elucidated.

EFFECT OF AN 37 CASEIN DIET ON THE DEVELORMEAT OF NEURONS

IN SUBCORTICAL FORMATION. Thomas L. Xempar* and Shelley
Drazen* (SPON: W. Bruce Warr). DJept. Jeuropathology,

Boston City Hospital and Worcester Foundation for Experimental
Biology, Boston, Mass. 02113,

Numerous studies have shown an effect of a low protein diet
on the growth and maturation of the cerebral cortex. However
little attention has been paid to the subcortical formatioms.

In the present study the effects of dietary proteinm restriction
was determined on rapid Golgi-impregnated neurons of the
striatum, an example of a nucleated formation, and the nucleus
of the diagonal band of Broca, an example of reticular
formation.

Albino rats were conceived and suckled by mothers on an 8%
Casein diet and controls on an isocaloric 25% Casein diet. After
weaning the pups were maintained on their respective diet ad
libitum. Six animals from each group were sacrificed at 90 days
of age and the brains perfused in situ with 10% formalin,
blocked and post fixed in rapid Golgi solution. Following
silvering they were dehydrated, imbedded in LVN, and serially
sectioned. Dendritic length and spine density measurements were
made with an ocular reticle. 1In the striatum the spine-rich
neurons of the 8% casein diet animals, as compared to controls,
showed 9% decrease in spine density (1.96%f 0.13 S.D.M. vs 2.16%
0.05 S.D.M. spines/micron) and a 2% decrease in dendritic
length (141 9 S.D.M. vs 144% 5 S.D.M. microns); the spine-free
and spine-poor stellate cells showed a 4% decrease in dendritic
length (110t 7 S.D.M. vs 115t 21 S.D.M. microns); and the large
neurons a 3% decrease in dendritic length (253t 36 S.D.M. vs
262% 53 S.D.M. microns). The diagonal band neurons showed a
3% decrease in dendritic length (288t 15 S.D.M. vs 298% 15
S.D.M. microns). As compared to our previous study of dendritic
and synaptic spine development in the visual cortical and
cerebellar neurons (Brain Res. 103: 221, 1976) these
phylogenically older and more conservative subcortical
formations showed a correspondingly less striking effect of the
8% casein diet.

(Supported by grant HD-06364).
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EFFECTS OF VARIOUS PERIODS OF FOOD DEPRIVATION ON S-HYDROXY-
TRYPTAMINE TURNOVER IN THE LATERAL HYPOTHALAMUS. K.M. Kantak,*®
M.J. Wayner and J.M. Stein®. Brain Res. Lab., Syracuse Univ.,
Syracuse, NY 13210. .

The results from a recent study (Pharmac. Biochem. Behav.,
Kantak, et al, 1977) indicate a faster 5-hydroxytryptamine
turnover rate in the lateral hypothalamus of 24 hr food de-
prived rats than in non-deprived rats. There was significantly
more 3H-5-hydroxyindoleacetic acid and 3H-5-methoxytryptamine
formed from SH-5-hydroxytryptamine in the 24 hr food deprived
rats. In the present study, the periods of food deprivation
were extended to include 48 and 72 hr food deprived rats. One
hr following an infusion of 3H-5-hydroxytryptamine, the lateral
hypothalamus was perfused with physiological bacteriostatic
saline for 40 min, Samples, which corresponded to 75-90 min
post-infusion of “H-5-hydroxytryptamine, were analysed by thin
layer chromatography for estimation of 3H-labelled 5-hydroxy-
tryptamine, 5-hydroxyindoleacetic acid, 5-methoxytryptamine,
S5-methoxytryptophol and 5-methoxyindoleacetic acid. These
results show that 5-hydroxytryptamine turnover 'is still enhanced
as a result of food deprivation up to 72 hr. There was signif-
icantly more “H-5-hydroxyindoleacetic acid and 3H—5~methoxy—
indoleacetic acid (the acid metabolite of S5-methoxytryptamine)
in the 72 hr food deprived rats.

152 INCREASED CEREBRAL BLOOD FLOW ELICITED BY STIMULATION OF
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FASTIGIAL NUCLEUS OF CEREBELLUM. Eric MacKenzie*, Masahiro
Mori*, and Donald J. Reis (SPON. D. Park). Lab. of Neurobiol.,
Dept. of Neurol., Cornell University iMedical College, New
York, NY 10021. )

Electrical stimulation of the rostral medial pole of the
fastigial nucleus (Fil) of cat, monkey, and dog elicits a
marked elevation of arterial pressure (AP). the fastigial
pressor response (liura and Reis, Am J Physiol 219:1330,
1970). We sought to establish if FN stimulation would also
increase cerebral blood flow (CBF), as previously proposed
(Doba and Reis, J Physiol 227:729, 1972). Focal CBF in the
parietal cortices was measured by a hydrogen clearance technique
in 42 normocapnic rabbits anesthetized with urethane, para-
lyzed and ventilated. Variations in AP produced by phenyl-
ephrine or controlled bleeding demonstrated an autoregulatory
curve in rabbit comparable to that of other species. Electrical
stimulation of FN at 5X current threshold for an elevation in
AP substantially increased CBF. The increase was linearly
dependent on the final AP. Thus, at a mean AP of 120 ummHg,
for example, the CBF in unstimulated animals (AP elevated by
phenylephrine) was 93+5 ml/100 g.min, during FN stimulation it
increased to 148+15 ml/100 g.min (n=20, P<0.0l). The increase
in CBF was elicited only from pressor zones of FN and exhibited
comparable stimulus frequency and response characteristics to
the pressor response. Elevation of AP produced by electrical
stimulation of pressor areas in the medullary tegmentum did
not increase CBF. Abolition of the increase in AP by spinal
cord transection did not inhibit but rather enhanced the
response. Cervical sympathectomy did not affect it. We
conclude that the cerebellum contains a neural system, not
previously recognized, which can elicit profound vasodilatation
of the cerebral circulation, probably through an intrinsic
neuronal system of the brainstem.

(Supported by NIH grant HL18974 and the MRC).
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INDUCED FLEVATION OF BRAIN CYCLIC ADENOSINE 3',5'-

bl ; TE ASSOCIATED WITH ELEVATED BRAIN IN RATS,
T.%. McMurrav*, E. Orr*, A. Qureshi*, and B, Fichelman. (& B
R.F. Keesev). Laboratory of 3ehavioral Neurochemistry, Dent.
Psychiat., Univ, Wisconsin and VA Hosnital, Madisorn, ¥WI 3705,

Pecertly, we have reported that feeding rats an L-histidine
supplemented diet causes a decrease in lipogenic enzymes
{(Fichelman et al., 1977) and an induction of cholesterol hio-
synthesis{Nureshi et al., 1977) in both brain and liver. Fre-
vious work on liver linogenic enzyme systems suggested that
these effects might be mediated by increases in cvclic adeno-
sine 3',5'-monophosphate(cAMP) levels. The present studies
descrite the effect of different nutritional states(emploving
histiiine loading) on the levels of brain cAMP.

Rats were maintained acutely for three days and chronically
for twenty-one days on a diet enriched 5% with L-histidine.

To maximize enzyme levels under study, the rats were fasted
for two days and refed for three days prior to sacrifice. In
bot!: the acute and chronic studies there was an increase'of
brain cAMP levels to 60-100% over control levels in groups
a histidine enriched diet. Rats injected with L-histidine
(500 mg/kg, ip) showed 1007 increases in brain cAMP levels
after two to three hours., Decreases in brain lipogenic enzvmes
wero proportional to the increases in hrain cAMP levels over
the three hour vperiod.

Findings that histamine plays a role as a putative neuro-
transmitter and has also been shown to increase intracellular
cAMP through I2 receptors in vitro(Busse & Sosman, 1976) sug-
gested a mechanism whereby brain cAMP might be increased fol-
loving histidine loading. Our res'lts showed that histamine
levels under the above conditions were increased similar to
the cAMP increases:

Brain levels of cAMP following three day feeding and three
hour injections of urocanic acid(an irreversible histidine
metabolite) showed a slight increase.

These results are compatible with the hypothesis that histi-
dine induced changes in brain lipogenic enzvmes and cholesterol
biosynthesis are mediated through histamine induced increases
in train cAMP. (This work was supported by grants from the
Medical Research Service of the Veterans Administration
dospital and intramural grants from the Universitv of
Yisconsin.)
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BRAIN AND PERIPHERAL UTILIZATION OF LABELLED TRYPTOPHAN IN
PROTEIN MALNOURISHED RATS. Maravene Miller¥®, Oscar Resnick¥,
J. Patrick Leahy* and Peter J. Morgane. Worcester Foundation
for Experimental Biology, Shrewsbur{, Ma. 01545. )

The utilization of IP injected 1'C-tryptophan (Y4c—trp) for
incorporation into protein in brain and peripheral tissues from
birth to 21 days was examined in rats fed a normal (25% casein)
or a low protein (8% casein) diet. The malnourished group, whose
dams received the low protein diet 5 weeks prior to conception,
showed significant alterations in the incorporation and percent
incorporation of 1 C-trp into protein on the day of birth as com-
pared to the normal group (table below). The lower incorpora-
tion of +*C-trp into protein by the malnourished rats was also
noted at the subsequent ages examined (day 5 to day 21).

This altered pattern of incorporation of 1 C-trp by the mal-
nourished rats may be due, in part, to their higher concentra-
tions of free plasma trp at these ages as reported by Miller et
al. (Soc. Neurosci. p. 586, 1976). The injected trp may have
less affinity for tissue incorporation due to the higher con-
centration of endogenous free plasma trp seen in these animals
(Miller et al. Exp. Neurol., in press).

th—Trp Uptake on Day of Birth (Mean * S.E.)l
Diets: 8% 25%
(n) 5
Tissue Homogenates (dpm x lOE/g)
Telencephalon 1185 * 56 1427 + 170
Brainstem 1293 + 96 1490 *+ 139
Liver 2450 + 291 2676 * 287
Kidney 3024 + 413 3181 * 395
Protein Precipitates (dpm x 102/g)
Telencephalon 52 * 153 * 19
Brainstem 6L % 5% 175 + 17
Liver 291 * 15/ 968 + 135
Kidney 239 + L1 705 + 173
Percent Incogporation into Protein
Telencephalon * Oa 11 =1
Brainstem 5 % Oa 12 1
Liver 12 2 36 £ 1
Kidney g + 1% 21 £ 2

l20 minutes post—injgction
¥ < 0.001

bp < 0.02, 2-tailed t-tests
Supported by grant HD 0636k4.

51

BRAIN METABOLISM AND NUTRITION

154 PRESENCE OF DIHYDROFOLATE REDUCTASE IN RAT BRAIN DU-

156

RING EARLY DEVELOPMENT. J.C. Mendible* and L.A. Crdd-
fiez, Lab, Neuroquimica y Comportamiento. I.M.k. Apdo:
50587, Sabana Grande, Caracas-Venezuela,

Folates are involved in metabolic processes which
seem to be essential during early mammalian brain de-
velopment, as shown by increased total folate levels
(L.D. McClain and W.F. Bridgers, J. Neurochem 17:763,
1970), increased serine-tetrahydrofolate 5,10-hydro-
xymethyl transferase activity (W,F, Bridgers, J. Neu-
rochem 15:1325,1968) and increased methylene reducta-
se activity (L.A.Orddhez and ¢. Villarroel, J. Neu-
rochem 27:305,1976) in developing brain when compared
to adult tissue. These changes could reflect the in-
volvement of folates in the generation of thymidine
requiered for deoxyribonucleic acid synthesis, In thy-
midine synthesis, tetrahydrofolic acid (THFA) is oxy-
dized to dihydrofolic acid and it must be reduced back
to THFA by Dihydrofolate Reductase (DR) before being
able to participate again in metabolism. This enzyme
has been reported to be abtsent from adult brain (D.R.
Makulu, et al, J. Neurochem 21: 241,1973); we have
studied the activity of this enzyme in rat brain and
liver from five days before birth (-5 days) to adult.

DR is present in fetal brain (-5 days; S.A; 0,414 I
0.034 umol/h.mg) and decreases continuosly until beco-
ming non-detectable in the adult., The enzyme is still
detectable at 20 days of age (S.A., 0.045 = 0,009 umol/
h.mg). In contrast, the liver enzyme shows a constant
activity from -5 days until adult (~0.27 umol/h.mg).

At 0 days of age cerebellum DR activity is lower
(0.084 ¥ 0.00Z umol/h.mg) than that of the rest of the
brain (0,120 = 0,011 umol/h.mg) but in the former area
this activity remains relatively constant until day 20
while in the rest of the brain it decreases rapidly
with time. In both brain areas no activity is detec-
table in the adult.

These result support the importance of folates during
early brain development probably through their invol-
vement in thymidine synthesis and could explain the
neurological disorders reported in humans and other
animals associated with folate deficiencies during
early development,

Supported by Consejo de Desarrollo Cientifico y Huma=-
niztico tProyecto M-1011, and CONICIT: Proyecto Sl-
0560,

DEPLETION OF CYTOCHROME OXIDASE IN BRAIN MITOCHONDRIA FROM THE
MOTTLED MOUSE MUTANT. Donald L. Rezek* and Cyril L. Moore*
(SPON: G. A. Barr). Dept. Neurology, Albert Einstein Coll. of
Med., Bronx, NY 10461.

A genetic defect prevents the male mottled mouse (MobT/+) from
the normal utilization of copper. Among the enzymes most di-
rectly affected is brain mitochondrial cytochrome oxidase. Since
this enzyme is essential for respiration and oxidative phosphor-
ylation, it is noteworthy that the amount of the spectrophoto-
metrically measureable enzyme decreases from birth to when the
animal dies at about 14 days of age. In brain mitochondria of
2-4 day old animals, the ratio of the amount of cytochrome oxi-
dase in the affected animals to that in the normal controls is
0.48; by 6-8 days of age, it is 0.43; and by 11-14 days of age,
it is only 0.14. The liver, which sequesters much of the body's
copper, is not nearly as affected as the brain; the respective
ratios in the liver are 0.88, 1.03, and 0.73. The rate at which
added cytochrome c is oxidized in brain homogenates is about 307%
of normal. The study emphasizes the importance of copper as an
intregal part of cytochrome a;-a; in the brain and suggests that
depletion of cytochrome oxidase in the mouse and in victims of
the human genetic disease, Menkes kinky hair syndrome, may be
related to the retardation and death caused by these diseases.
(Supported by NIMH training grant MH 06418.)
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EFFECTS OF SODIUM OCTANOATE ON BLOOD-BRAIN BARRIER PERMEABILITY.
Doris A. Trauner and Jack de la Torre. Univ. of California, San
Diego, CA 92103 and Univ. of Chicago, Chicago, IL 60637.

The short chain fatty acid (SCFA) sodium octanoate causes hy-
perventilation, coma, seizures and electroencephalographic slow-
ing in experimental animals. The mechanism by which this sub-
stance exerts its toxic effects is unknown. The rapidity with
which octanoate produces such alterations suggests that this
substance may exert some effect on blood-brain barrier (BBB)
permeability. The present report describes preliminary results
concerning BBB alterations in rats given intraperitoneal (IP)
injections of sodium octanoate, 2 ml of a 1 M solution.

A modified glyoxylic acid histofluorescence technique (SPG
method) was used to study vascular integrity in rats pretreated
with octanoate and followed in 2-4 hours with injection of the
monoamine oxidase inhibitor, nialamide, and L-dopa. Following
L-dopa injection, there was marked diffusion of fluorescence
around brain capillaries, particularly in subcortical white
matter. Diffusion was also seen around brainstem neurons and was
striking around cell bodies in the locus coeruleus and magna-
cellularis. Fluorescent diffusion was prominent around the
choroid plexus as well. Diffusion of catecholaminergic terminals
was also observed throughout the brain and markedly around the
nucleus rotundo and stellatocellularis and the periventricular
nucleus of the hypothalamus. It is of interest to note that
this catecholaminergic diffusion appeared more severe in brain
regicns in close proximity to the ventricular system.

Fluorescence was confined within capillaries and no diffusion
was seen in animals injected with nialamide and L-dopa but not
pretreated with octanoate.

These data suggest that octanoic acid alters the permeability
of the BBB and may produce marked cerebral metabolic changes
as a result of this permeability change.
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FASTIGIAL UNIT ACTIVITY DURING WRIST MOVEMENTS IN PRIMATES.
Antonio Bava* and Robert Grimm. Neurological Sciences Institute,

Portland, Oregon 97209.

Crab-eating macaques SMacaca irus) were trained to make a
series of quick (250-500°/sec), self-paced 45° flexion or
extension movements of a manipulandum (stiffness: 0.86-2.9 kg.
cm/rad) in order to examine the proposition that fastigial n.
of cerebellum provides a fast feedback pathway to thalamus for
spinal information regarding movement. Fastigial n. receives a
rich supply of excitatory mossy fiber (MF) and climbing fiber
(CF) collaterals carrying spinal and suprasegmental activity
destined for anterior lobe. As fastigial n. also projects to
ventrolateral (VL) n. of thalamus, Ia, Ib, and group II activi-
ty could reach motor cortex by this route. Accordingly, our
hypothesis was that fastigial neurons participating in a vol-
untary movement would alter their discharge after a movement
begins.

From a sample of 139 units in 20 tracks, we divided fasti-
gial neurons into four groups: slow-firing units (1-10 Hz; 80%
of the sample); tonic units (20-50 Hz; 14%); "silent" units
(only recruited during a movement; 5%); and high frequency,
short duration burst units (1%; presumably interneurons). Slow-
firing units characteristically increase their discharge rate
200-300 msec prior to the onset of the first of a series of
repeated movements (performance rate 1/sec). However, in each
subsequent performance in a series, such units only discharge
after force begins to rise but before handle displacement.
After the last movement of a series is completed, 50% of slow-
firing units discharge in concert with proximal-axial activity
returning the 1imb to a rest position. Tonic units either
increase (20%) or decrease (80%) their activity after movement
begins. "Silent" units, active only with movement, always dis-
charge before a first performance movement, thereafter decre-
menting as the monkey repeats the task.

These data establish that fastigial neurons are recruited
before or after a movement begins depending on the context.
For single movements or the first-in-a-series, "silent" and
slow-firing units discharge before movement; thereafter, dis-
charges follow (40-200 msec) the onset of similar movements
serially repeated (1/sec). This rule does not apply to tonic
units: they only alter their activity after a movement begins
regardless of occurrence order. Where unit activity could be
correlated with performance metrics, it appears that a force-
velocity algorithm or changes therein and not a position mea-
sure is the work of this nucleus. The different attention
given by the nucleus to single vs. repeated movements, and,
tonic unit inhibition during movement are novel findings.

OLIVARY UNIT ACTIVITY AND EFFECT OF MICROSTIMULA -
TION DURING LOCOMOTION.
Lab., E.E. Dept., U. Maryland, College Park, MD 20742.

Thalamic cats were prepared for

< efofpaptoldfblolu | slow treadmill walking (0.3-0.7 kph),

with EMG!' s (" integrated'" in records

below) led from muscles of one hindlimb.

Using antidromic field techniques, we
then inserted tungsten electrodes into a
portion of the contralateral MAO contri-
buting climbing fibers to a parasagittal

WWN s, 20terior lobe strip roughly 1. 8 mm wide,
adjacent to the midline. Here we found

Fig. 1 —e MAO unit activity to have but slight cor-
relation with locomotor movements (fig.
" o 1). However, MAO microstimulation

(0. 2 msec pulses, 5-30 hz), at levels
just suprathreshold for cortical surface

Ah oy potentials (25-45 pa),was found to aug-
ment powerfully the contractions of limb

o flexors or extensors, with concomitant
wmemas antagonist suppression (hindlimb fixed
—_ in fig. 2, walking in fig. 3).
ulus cessation, such agonistic rebiasing
required many seconds to decay.

MAO activity thus appears to affect
the "' carriage" of locomotion over many

Fig, 2

o 20h1

it vity locked to single cycles. Olivary
postural biasing appears encoded in
terms of multijoint, agonistic muscle
groups, possibly synonymous with the
agonists of spinal reflexes. Perhaps
each such group is represented by a
climbing fiber strip.
Fig. 3 I thank Drs. F.E. Zajac and J. D.
B Cowan for the opportunity to conduct
this study, Dr. N.H. Barmack for advice and encouragement,
and Mssrs, D. Dungan and C. A, Twigg for expert technical as-
sistance. Supported by NIH grant NS 11518 and postdoctoral fel-
lowship 1 F32 NS 05568.

C.C. Boylls, Jr., Biomed. Res.

After stim-

step cycles, hence the lack of unit acti-
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159 THE MORPHOLOGY OF THE FASTIGIAL NUCLEUS IN THE RAT. Alvin J.
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Beitz* and Victoria Chan-Palay (SPON: Nell B. Cant)._ﬁgigf_xhat.,
Harvard Medical School, Boston, MA 02115.

The present investigation is aimed at describing the organiza-
tion of the fastigial nucleus in the rat utilizing several vari-
ants of the Golgi technique and Nissl and Weigert preparations. A
three-dimensional model of the fastigial nucleus was made from
reconstructions of serial coronal sections stained with the Nissl
method. This illustrates both the shape of the nucleus and the
location and extent of the three nuclear subdivisions as describ-
ed by Korneliussen (1968). The middle subdivision forms the
largest portion of the nucleus and extends most rostrally while
the dorsolateral protuberance and the caudomedial portion com-
prise smaller more caudal subdivisions of the nucleus.

In order to determine the frequency distribution of neuronal
sizes within the fastigius, measurements were made of the lengths,
widths and areas of 550 neurons drawn from Nissl-stained sections
of the three divisions in a single animal. Two classes of neur-
ons are present: small neurons with cross sectional areas less
than 180um2 and larger cells with areas greater than 180um2. The
larger neurons range in width from 10 to 22pm and in length from
18 to 35um and are most numerous in the dorsolateral protuber-
ance. The middle subdivision contains a mixture of large and
small cells. Small neurons predominate in the caudomedial sub-
division of the nucleus and range in width from 5 to 16um and in
length from 10 to 24um. In Golgi preparations, both the small
and large neurons have two major types of dendritic patterns:
either the cells are truly multipolar or they have dendrites
oriented in two directions. Histograms were prepared relating
the numbers of neuronal perikarya in both frontal and horizontal
sections with their ellipticity ratios (ER width:length). These
histograms indicate that there -are two basic shapes of neuronal
perikarya in the rat fastigial nucleus: almost round (ER<1:1.5)
and elliptical (ER>1:1.5). When the locations of round versus
elongated cells were charted, three distinct rostrocaudal zones
became evident within the nucleus: a medial and lateral zone
with predominantly elliptical neurons and an intermediate round
cell zone. All impregnated neurons in a set of horizontal Golgi-
Kopsch serial sections were drawn to study cellular organization
in detail. Elongated neurons in the medial and lateral zones of
the nucleus are fusiform with their cell bodies and dendrites
oriented predominantly in a rostrocaudal direction. The rounded
cells of the intermediate zone are multipolar with their peri-
karya and dendrites arranged in a more mediolateral direction.
Elongated neurons in the caudomedial subdivision displayed a
distinct rostromedial-to-caudolateral orientation. (Supported by
Neuroanatomy Training Grant NS 05591 to Dr. S. L. Palay and NIH
Postdoctoral Fellowship NS 05688.)

THE VENTRAL PARAFLOCCULUS: A SITE OF VISUAL CORTICAL AND TECTAL
INPUT. Richard A. Burne and Donald J. Woodward. Dept. Cell Bio.,
Univ. Tx. Health Sci. Ctr., Dallas, Tx. 75235.

This study was undertaken with the general aim of investiga-
ting areas in rat cerebellum which receive visual information.

In this report we describe anatomical and electrophysiological
evidence that the ventral paraflocculus (vpf) receives informa-
tion from the visual cortex and superior colliculus via relays in
the pons and inferior olive. The techniques of retrograde trans-
port of horseradish peroxidase (HRP) and orthograde transport of
tritiated L-leucine were employed to determine pathways from cor-
tex and tectum to_the cerebellum.

Injections of “H-leucine into areas 17, 18, and 18A of visual
cortex resulted in overlapping terminal labeling within the ros-
tral lateral pontine grey. In addition, two injections confined
within area 17 gave labeling in a medial rostral pontine group
which suggests a more detailed topography. Injections of leucine
into superior colliculus gave ipsilateral labeling in lateral
areas of the middle pons, and the ipsilateral medial accessory
olive including the beta nucleus.

Injections of HRP in vpf yielded labeled neurons which re-
vealed a bilateral projection (contralateral predominance) from
medial and lateral neurons in the rostral pons, and a contra-
lateral projection from medial accessory and principle olive.
Experiments with simultaneous injections of HRP and leucine
revealed in adjacent sections considerable overlap of leucine
labeled terminals from visual cortex and superior colliculus onto
HRP labeled pontine and inferior olive neurons which project to
vpf.

Unit recordings and post-stimulus-time-histograms from each
of 50 Purkinje cells in vpf showed evidence of mixed excitatory-
inhibitory mossy fiber input (36 cells) or pure inhibitory re-
sponses (14 cells) following cortical or tectal stimulation
with concentric bipolar electrodes (0.1 ms, 0.2-0.4 mA, 2-10 Hz).
Mean latency to onset was 10.2 + .4 msec for cortex and 7.8 + .3
msec for tectum.

We conclude that the ventral paraflocculus is a cerebellar
area which receives a convergence of strong visual input from
visual cortex and information from superior colliculus.

(This study was supported by grants MSF GB43301 and NIH NS13225
to D.J.W.).
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EFFECTS OF COOLING OF THE CEREBELLAR'NUCLEI, ON THE MOTOR OUTPUT
DURING FAST ELBOW FLEXIONS IN CATS. John E. Burton and John
Kerch Engelhardt. Division of Neurosciences, City of Hope
National Medical Center, Duarte, CA 91010.

Cats were trained to perform ballistically initiated elbow
flexions and prepared for local cooling of individual cere-
bellar nuclei. The structure of the motor output following
the onset of movement is characterized by a silent period in-
the agonist (biceps) muscle and a burst of EMG activity im the
antagonist (triceps), both of which coincide with the peak of
the velocity. Local cooling of the ipsilateral dentate
nucleus did not alter this structure. Cooling of the inter-
positus nucleus, however, delayed both the decline of the
biceps activity and the onset of the triceps activity relative
to the onset of the motion. Also, the biceps muscle was no
longer silenced and the amount of triceps activity was reduced.
As a result of these changes, the acceleration was prolonged
and the peak velocity and displacement attained higher values.
Cooling of the fastigial nuclei (bilateral) produced either a
slight advance of the termination of the biceps activity or a
delay with absence of silence depending upon the position of
the thermode and/or the depth of the cooling. The triceps
activity was usually delayed and the amount increased. The
displacement was characterized by large oscillations. It is
concluded that the output of both the fastigial and the inter-
positus nuclei contributes to regulate the amount and timing of
the motor output during fast movements in cats. The results
will be discussed in terms of the behavior of neurons of the
cerebellar nuclei, red nucleus, and lateral vestibular nucleus
during such movements. (Supported by NIH research grant number
NS 11798 from NINCDS and by the Jerry Rosen Research Fund)

PONTINE PROJECTION TO CEREBELLAR CORTEX AND NUCLET. J. Courville

and G. Coulombe. Centre de Recherche en Sciences Neurologiques,
Université de Montréal, Montréal, H3C 3T8

The distribution of the pontine projection onto the cerebel-
lar cortex and nuclei was studied with methods of anterograde
degeneration and tritiated amino acid transport. Multiple large
injections of L-leucine in cats demonstrate the course of the
fibers and a terminal distribution appearing as roughly circular
grain accumulations and restricted to the granular layer. The
projection is abundant in the contralateral, lateral portion of
the anterior lobe, in lobules VI, VII, simplex, paramedian and
in Crus I, Crus II and paraflocculus. For vermian lobules VI
and VII, an abundant bilateral distribution originates from
each side of the pontine gray. The central region of the ante-
rior lobe comprising the vermis and part of the intermedidte
zone is practically devoid of pontine afferents. After small
localized injections in the pons, the grain accumulations are
much less abundant. However, they always appear widely distrib-
uted to different cerebellar regions. Anterograde degéneration
experiments confirm these data except for the quantitative dif-
ferences for each side. This is interpreted as a result of a
destruction of crossed fibers which occurs with unilateral le-
sions. Concerning a projection to the cerebellar nuclei, the
evidence obtained is that grain counts are significantly aug-
mented in the dentate nuclei, the difference being greater in
the nucleus contralateral to the injection. Degeneration stud-
ies confirm this distribution and support the conclusion of a
rather sparse distribution. In addition, it appears that this
projection originates mostly if not exclusively, from the nu-
cleus reticularis tegmenti pontis. Injections of horseradish
peroxidase in the nuclei have yielded inconsistant results.
Medially situated injections were not followed by any retro-
grade labeling of pontine cells. Laterally localized injec-
tions either showed few labeled cells or widespread distribu-
tions of a large number of labeled elements. These vagaries
are attributed to variations in the uptake by fibers of pas-
sage and to differences in the degree of fixation among cases.

Supported by a grant from the Medical Research Council of
Canada to the Research Group in Neurological Sciences,
University of Montreal.
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THE SOURCE OF CLIMBING FIBERS TO THE VESTIBULO-CEREBELLUM OF THE
TADPOLE. S.L. Cochran and J.T. Hackett. Dept. Physiology, Univ.
of Virginia Medical School, Charlottesville, Virginia, 22901.
Current research suggests that the inferior olive is the ex-
clusive source of climbing fibers(CFs). However, an extra-olivary
origin of CFs has been reported in the frog to project from the
periphery to the auricular lobe('vestibulo-cerebellum") via the
VIIIth cranial nerve. Our own experiments upon the frog (Cochran
and Hackett, 1977) have failed to locate any extra-olivary source
of CFs. This failure could be due to difficulties in sampling the
minute auricular cerebellum of the frog. According to Larsell
(1923,1967), the tadpole cerebellum is predominantly auricular.
Therefore, we have investigated the source of CFs to this cere-
bellum. Electrophysiological experiments were performed upon iso-
lated brains of premetamorphic Rana pipiens and Rana catesbeiana
tadpoles. Purkinje cells(PCs) were recognized electrophysiologi-
cally by their characteristic antidromic, CF, and mossy fiber (MF)
evoked responses. This recognition was anatomically verified by
subsequently processing the tissue histologically following
ejection of horseradish peroxidase(HRP) from the recording micro-
electrode, Direct CF-evoked responses were identified by their
fixed latency, by their all-or-nothing character, and by their
interposition between the directly-evoked antidromic response and
the disynaptically-evoked MF response in the PC. Furthermore,
intracellular recordings in evoked PCs uncover a single, large,
fixed latency, all-or-nothing EPSP, the polarity of which could
be reversed by depolarizing current injection. By repositioning
the stimulating electrode, individual CFs could be traced along
their trajectory through the brain. A linear correlation(r>0.9;
p<0.001)existed between the latency to PC activation and the dis-
tance of the stimulating electrode from the cerebellum, thereby
demonstrating direct CF activation. CF activation could be found
only along the lateral edge of the brain, past cranial nerves
VII, VIII, and IX. At the level of the Xth cranial nerve, a CF's
path could be traced caudally, ventro-medially and across the
midline where large latency shifts in activation suggested other
than direct CF stimulation. Some axons appeared not to cross the
midline. Electron microscopic observations of the cerebellum re-
veal a cellular association characteristic of that attributed to
the CF and PC in the tadpole(Cajal, 1911). We therefore conclude
that the tadpole indeed possesses a CF afferent system and that
even in a limbless, finless vertebrate, the caudal medulla has a
unique relationship with the cerebellum in that only it inner-
vates the PCs with CFs. The demonstration of this unique source
of CFs in all vertebrates suggests that the functional contribu-
tion of the CF to cerebellar action is, to some extent, fixed

in phylogeny. (g, oorred by NSF Grant BNS 74-01423 A02)

TOPOGRAPHIC ORGANIZATION OF PROJECTIONS FROM THE DENTATE AND
INTERPOSITUS NUCLEI IN THE RHESUS MONKEY: AN AUTORADIOGRAPHIC
STUDY. K. Kalil. Dept. of Anat., University of Wisconsin,
Madison, WI., 537Q6.

Injections of (“H) proline were made into the dentate and
interpositus nuclei of rhesus monkeys. Several different ap-
proaches were used to inject either an entire cerebellar nucleus
or selected regions of the dentate and interpositus nuclei. All
erferent pathways from the nuclei to the brainstem and thalamus
were traced but particular attention was focused on the topo-
graphic organization of cerebellar projections to the inferior
olivary complex and the ventral tier nuclei of the thalamus.

The dentate nucleus projects upon the principal inferior olivary
nucleus in a precisely ordered topography such that the ventral
dentate terminates upon the ventral lamella of the olive and
the dorsal dentate projects upon its dorsal lip. Moreover,
these connections follow an exact and non-overlapping medio-
lateral topography. By contrast, when regions of the inter-
positus were injected with minimal encroachment into the dentate
only the dorsal and medial accessory olivary nuclei were labeled
and not the principal nucleus. Preliminary results suggest that
this projection is also topographically organized. For example,
when the entire interpositus was injected the entire medial ac-
cessory olive was covered with silver grains, but injections of
only the dorsal or ventral regions of the interpositus resulted
in selective labeling of the dorsal and medial accessory olive.
Superimposed upon this point to point organization is an
anterior posterior topography with caudal regions of the cere-
bellar nuclei projecting upon the rostral olive and vice-versa.
As has been previously reported, these connections are over-
whelmingly crossed with only a small corresponding ipsilateral
projection.

The cerebello-thalamic fibers are also topographically ordered
with the caudal and rostral regions of the cerebellar nuclei
projecting respectively to the medial and lateral zones of the
thalamus. The thalamic nuclei receiving the densest cerebellar
efferents are the VLc, the VPLo and the VLo. In several cases
nucleus X was labeled but even with massive injections of
dentate and interpositus there were surprisingly sparse projec-
tions to the VA. There was also intense labeling of CL and the
re?icular nucleus. While the cerebello-thalamic pathways are
mainly crossed there is nevertheless a small corresponding ipsi-
lateral component. In some cases the terminal labeling in the
VLc, VPLo and VLo appeared in striking narrow horizontal bands
or strips across the ventral thalamic nuclei and in other cases
as a discontinuous series of patches.

Supported by NSF Grant BNS 76-01835.
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PURKINJE CELL ACTIVITY IN EYE MOVEMENT AND FIXATION IN THE
MONKEY VERMIS. Manabu Kase* and Hiroharu Noda Brain Research
Institute, Depts. Physiol. Anat., Sch. Med., UCLA, Los Angeles,
CA 90024

Single unit recordings were made from Purkinje cells (P-cells)
in the vermis (Lobus VI and VII) of the monkey during saccadic
eye movements and steady fixation. Most P-cells exhibited a
considerably high level of simple spike discharges (55 - 100 Hz)
which were interspersed by characteristic complex spike dis-
charges (0.5 - 1.5 Hz). There were two classes of P-cells.

One class of P-cells showed changes in activity only with
eye movements. These cells increased discharges, typically
starting 10 - 20 msec before the initiation of a saccade and
showing peak activity at about the middle of the course of the
saccade. In a small number of P-cells, the firing decreased
during a saccade with a time course similar to the transient
increase. However, complete cessation of firing extending the
entire duration of eye movement was seldom observed. Many
P-cells in this class also showed preferred direction and the
increase in activity was observed only when the saccade was in
the preferred direction of the concerned cell. Although there
was a clear relation between the duration of bursts and the size
of associated eye movements, no relation was found between
instantaneous firing rate within the burst and amplitude of
accompanying eye movement.

The other class of P-cells also showed changes in activity
during saccades. Discharges in these cells were completely
suppressed during a saccade. Furthermore, the level of tonic
discharges of the cells varied considerably (for example, 0 -
120 Hz in a cell) from one point of fixation to another,
showing a higher level of activity when the gaze shifted to the
preferred direction of the cell. The discharge rate was clearly
a linear function of eye position in some cells, indicating
that these cells convey information relevant to eye position
in the orbit. (Supported by NIH Grant EY01051).

[K*]o RISE PRECEDES [Cat+]o FALL DURING SPREADING DEPRESSION.

R. P. Kraig, C. Nicholson &nd J. M. Phillips*. Dept. Physiol. &
Biophys., N.Y.Univ.Med.Ctr., 550 First Ave., New York, NY 10016.
Recent experiments from this laboratory have used spreading
depression (SD) to explore the capacity of the brain to reversi-

bly undergo fluctuations in the extracellular ionic milieu.
During SD in the cerebellar molecular layer of the catfish, Cory-
doras aneus, the [Na*], typically falls from 149 mM to 57 mM,

and the [Cl-], falls from 137 mM to 47 mM while the [Kt], rises
from 2 mM to 35 mM (1,2). It has recently been established that
Cat+t+ and K*+ fluxes are related in certain membranes (3,4) and
also that correlated [K+], rises and [Ca**]pfalls occur in the
brain during aminopyridine application (5), convulsive activity
(6), repetitive stimulation, spreading depression and anoxia (7).
We have utilized the slowly developing SD of the catfish cere-
bellum to investigate the temporal relationship between [K+], and
[Cat*t]o changes. Pairs of ion-selective micropipettes were
fabricated from theta-tube capillaries and sensitized with Cat+-
selective liquid ion exchanger (8) or Corning 477317 K+ exchanger.
SD was initiated in the exposed catfish cerebellum by a micro-
injection of 1M KCl.

Baseline [K+], was about 2 mM and baseline [Ca++]5 about 1.6
mM. Thus the two ISM were approximately equal in sensitivity to
ion changes. During SD the [K+], always began to rise several
seconds before the [Catt], began to decrease. At the peak of SD
the [Cat+], decreased to about 25% of its baseline value. The
resolution of Cat+ and K+ ISMs was such that + 0.1 mM could be
detected. 1In no instance did [Cat++]o begin to fall before the
[Kt]o began to rise.

We conclude that a prolonged neuronal Ca++ influx, as mani-
fested by a decrease in the [Ca*t],, does not precede the well
established rise in [K+], during SD. Rather the marked delay in
the [Catt], decrease suggests at least two partially separable
events occurring during SD: a rise in the [K+], and a subse-
quent fall in the [Catt]g.

(Supported by USPHS grant NS-13742 from NINCDS)
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DISTRILUTION OF VESTIBULAR NERVE FIBERS TO THE CEREBELLUM IN THE
CAT. Gary E. Korte* and Enrico Mugnaini. Dept. of Biobehavioral
Sciences, Univ. of Conn., Storrs, Conn. 006266

The cerebellar distribution of the vestibular nerve in the
cat has been re-exanined with silver degeneration techniques and
in 1-2 um thick sections of plastic embedded material., The
vestibular ganglion was manually destroyed via the bulla by
twisting a dental burr into the internal meatus, After survival
times of 3~6 days, the animals were processed for examination by
the Fink-lleimer and Mauta-laidlaw techniques or prepared for
electron microscopy. The extent of the lesion was analyzed un-
der the dissecting microscope and by light microscopic examina-
tion of 1-2 um thick scctions of the plastic embedded remaining
nerve stunp.

The Fink-Heimer and Nauta-lLaidlaw techniques revealed a
conspicuous fiber bundle entering the cerebellar white matter
and terminating in the granular layer of all folia of the nodulus
and the ventral folia of the uvula on the ipsilateral side.
Relatively fewer depenerating fibers were traced to the cortex of
the ipsilateral flocculus., No projection to the paraflocculus,
lingula, lateral cerebellar nucleus or any contralateral
cerebellar region could be ascertained (some degenerating fibers
were present in the fastigial nucleus, but we are still uncertain
as to whether they pass by or give rise to a terminal arboriza-
tion).

These observations were confirmed by light microscopic
observation of 1-2 um thick plastic sections from specimens
processed for electron microscopy. Electron microscopic controls
are in progress.

In conclusion, a re-examination of the cerebellar terninal
field of the primary vestibular fibers in the cat has shown that
it is mainly represented by the cortex of the ipsilateral
nodulus and uvula, and to a lesser extent by the cortex of the
ipsilateral flocculus,
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Supported by NIIi prant NS~09904-06.

169 STRUCTURE OF THE PURKINJE CELL DENDRITIC MEMBRANE DURING SYNAPTO-
GENESIS. D. M. D. Landis and T. S. Reese. Mass. General Hosp.,
Boston, MA 02114; LNNS, NINCDS, NIH, Bethesda, MD 20014,

Freeze-fractured Purkinje dendritic spines in mature mice have
aggregates of intramembrane particles arrayed on their external
membrane leaflet at synaptic junctions with parallel fibers. We
investigated the formation of this postsynaptic specialization
and attempted to relate it to parallel fiber synaptogenesis by
freeze-fracturing cerebellar cortex during postnatal development.
Criteria for recognizing Purkinje dendrites, especially in young-
er mice, were established by tracing their continuity with cell
bodies. Dendritic segments distal to the region of apparently
mature spines were examined in detail because this is where spine
formation and synaptogenesis occur. However, the membrane struc-
ture of distal segments was generally like that of the rest of
the Purkinje dendrites and cell bodies, except that coated vesi-
cle openings were more frequent; these proved to be a reliable
marker to identify comparable regions of Purkinje dendrites in
thin sections and replicas. Infrequently, aggregates of parti-
cles which resembled but were smaller than postsynaptic special-
izations on mature Purkinje spines were found on the external
leaflets of dendritic shafts, usually distal to the zone of well-
formed spines. The membrane at these aggregates was sometimes
indented by varicose processes, but the course of these unidenti-
fied processes was usually different from the adjacent parallel
fibers. Thin sections of distal dendritic segments revealed nu-
merous junctions between parallel fibers and dendritic shafts
which, 1like mature synapses, were characterized by bands of sub-
membrane fuzz in the Purkinje dendrites. Parallel fibers often
contained a few synaptic vesicles near these junctions. Since
parallel fibers do not contact Purkinje dendritic shafts in adult
animals, the junctions with the dendritic shafts observed during
development either must become or be replaced by spine synapses.
The clear disparity between the large number of these junctions
in thin sections and the small number of particle aggregates seen
on distal dendrites with the freeze-fracture technique suggests
that the vast majority of these junctions do not have the mem-
brane structure of a mature spine synapse. Thus, the post-
synaptic particle aggregates which characterize Purkinje spines
are probably acquired after the formation of spines begins. If
the junctions on Purkinje shafts are developing synapses, then
early forms of these synapses lack intramembrane particles; an
alternative interpretation of our data is that synapse formation
begins later than spine formation. In this case, the junctions
on the Purkinje shafts could not be regarded as precursors of
synaptic junctions.
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CALCIUM DENDRITIC SPIKES IN THE MAMMALIAN PURKINJE CELLS.
R. Llinas, M. Sugimori* and K. Walton. Dept. Physiol. & Biophys.,
New York Univ. Med. Ctr., 550 First Ave., New York, NY 10016.

Electrical excitability of Purkinje cell dendrites in the mo-
lecular layer of the cerebellar cortex in rats was studied after
blockage of potential-dependent Nat conductance with tetrodo-
toxin (TTX, 10-3) and potential-dependent Kt conductance with
3-aminopyridine (3-AmP, 5 x 10-3 M). The drugs were applied by
superfusion utilizing a push-pull cannula kept in place by an
agar dome which also served to stabilize the cerebellum. Fol-
lowing the application of the above drugs, no sign of field
potentials generated by either local or white matter stimulation
could be evoked. Thus, the parallel fiber field potential and
the antidromic and orthodromic activation of the surface of the
cerebellar cortex was absent.

As previously reported in pigeons (Llinads, R. and Hess, R.:
Proc. Natl. Acad. Sei. 73, 2520-2523, 1976), intra- and extra-
cellular recordings after TTX and 3-AmP indicate that the
dendrites of Purkinje cells are capable of generating action
potentials following either extracellular or direct electrical
stimulation. In addition, activation could be obtained by extra-
cellular iontophoretic injection of sodium glutamate from an
electrode containing a IM solution. Their overall properties
were enhanced by increasing the Catt concentration in the super-
fusate to 2.5 mM. Finally, superfusion with MnC12 (10mM), which
itself does not block either parallel fiber activity or the
antidromic invasion of Purkinje cells, was shown to block the
TTX— 3~AmP resistant dendritic electroresponsiveness. It is con-
cluded that Purkinje cells in mammals can generate Catt spikes.
Their possible role in functional modifiability will be dis-
cussed. (Supported by USPHS grant NS-13742 from NINCDS)

THE NUCLEUS OF THE PONTOBULBAR BODY. A SEPARATE PRECEREBELLAR
NUCLEUS?  George F. Martin and J.M. Walker, Depts. of Anat. and
Psychol., The Ohio State Univ., Columbus, Ohio, 43210.

The nucleus of the pontobulbar body (PBu) is situated along
the migration route of neurons from the rhombic lip of the fourth
ventricle to the basilar pons. Partly because the basilar pons
is formed from that migration, the PBu is often included as part
of the pontine grey.

It appears from material in our laboratory, however, that the
opossum PBu is not simply a remnant of the pontobulbar migration,
but that it has afferent connections which are highly organized
and different from those of the basilar pons proper. Although
the PBu has an input from the face motor-sensory cortex, like
the pontine nuclei, it also receives projections from the red
nucleus and spinal cord, regions which generally are not con-
sidered as sources for afferent projections to the pons. The
PBu also receives a small input from the cerebellum. There is
overlap of these projections within the PBu, although they each
tend to have their own sphere of influence. A parallel finding
is that PBu neurons contain reaction product after horseradish
peroxidase injections into many areas of the cerebellar cortex.
Although there is some topography to the PBu-cerebellar projec-
tion, it is not sharply defined.

Taken together such evidence suggests that, in the opossum at
least, the PBu is as different from the basilar pons as either
the reticulotegmental or lateral reticular nuclei and that it
deserves to be set off from the basilar pons as a precerebellar
cell station in its own right. Certainly its position along the
pontobulbar migration should not be used as evidence against such
a designation.

(Supported by U.S.P.H.S. Grants NS-07410 and NS-08798.)
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A DETAILED STUDY OF CLIMBING FIBER PROJECTIONS TO THE ANTERIOR
FOLIA OF THE PARAMEDIAN LOBULE OF THE CEREBELLUM IN THE CAT.
J.P. Lund, T.S. Miles* and J. Courville. Fac. Mé&d. Dent. and
Centre Rech. Sci. Neurol., Univ. de Montréal, Canada.

Previous experiments have compared the somatotopy of cortical
and peripheral inputs to the cerebellar cortex via climbing fi-
bers (CF). The majority of single CFs in the anterior lobe re-
spond to both inputs (Allen et al., Exp. Brain Res. 20: 255,
1974; Miles and Wiesendanger, J. Physiol. 245: 425, 1975), but a
number appears to receive only a peripheral projection. In view
of the fine somatotopic distribution of cerebro-cerebellar pro-
jections, this might be explained by an improperly located corti-
cal stimulus. Alternatively, 2 or more populations of CFs to a
given region might exist, some responding to the periphery alone,
others to convergent inputs. In the present study, the analysis
of the fine topography of cortical and peripheral CF inputs to a
restricted region, the anterior folia of the paramedian lobule,
was carried out in paralysed, nembutal-anesthetized cats. Pene-
trations were made at 200 p intervals across folia a and b and
the peripheral receptive fields of CFs were mapped. Responses
to stimulation of the infra-orbital (I.0.) superficial radial
(S.R.N.) and sciatic nerves of both sides were recorded as were
those to stimulation of each of an array of 8 electrodes inserted
into the pericruciate somatomotor cortex. CF responses to stim-
ulation of one or more cortical sites were elicited in 96% of all
Purkinje cells tested: 65% of those also received an input from
the periphery, but 31% did not. Only 4% could not be excited
from the cortex, probably because no electrode was placed in the
region projecting to them. The majority of neurones had small
tactile receptive fields on the ipsilateral forelimb. The hind-
limb was also represented. CFs responded to stimulation of
peripheral nerves at a characteristic latency. The majority
fired at short latency (16-34 msec), others fired at short and
long latency (120-250 msec) and a few, only at long latency.
Those firing at long latency rarely had a peripheral receptive
field. A clear correlation was observed between the cortical
and peripheral sites projecting through a CF. 78% of all CFs
had a cortical best point which received an input from the same
region of the periphery from which the CF was also excited. It
would appear that all CFs to this region of the cerebellum
receive an input from the somatomotor cortex. When present, the
sensory receptive field of these CFs is on that part of the body
which would move in response to a motor command from the same
region of cortex.

Supported by the Canadian Medical Research Council.

OPERANTLY CONDITIONED SACCADIC EYE MOVEMENTS AND CEREBELLAR
UNIT ACTIVITY IN THE CAT. J.G. McElligott and L.E. Mays. -Dept.
of Pharm., Temple Univ. Medical School, Phila., Pa. 19140.
Cerebellar neuronal activity from the posterior vermis
(lobes VI and VII) was recorded in 2 cats that were trained to
make precise saccadic eye movements. These animals were fitted
with an ocular magnetic search coil in order to record horizon-
tal and vertical eye movements, and absolute eye position. With
it's head restrained, each cat was placed 70 cm in front of a
square matrix array (10 x 10) of green light emitting diodes
mounted on an opaque black board. Each trial was initiated by
the sound of a buzzer. A center light came on and the animals
were trained to fixate on it for 0.75 sec. Subsequently, a
second light appeared randomly in any of the four directions
(up, down, right or left). The animals were required to make a
saccadic eye movement to this second light and fixate on it for
0.75 sec in order to obtain a milk. reward. Thus, the task
allowed us to dictate absolute start position, amplitude, and
direction of the saccade. Cats were trained to generate from
200 to 300 correct responses per daily session. They would
produce saccades with an average latency of 180 msec and an
accuracy of about 1°. Forty-two cells were comprehensively
analyzed with respect to sensory (auditory and visual) and
oculomotor aspects of this task. Twenty-six percent of these
neurons produced increases or decreases (latency=40 msec) in
background activity that were related to sensory stimulation.
The vast majority of these sensory related neurons (82%, n=9)
produced increases in firing rates (duration=50 msec) after
auditory stimulation (buzzer sound). Saccadic related neurons
(247%, n=10) were intermingled with these sensory related neurons.
These produced increases and/or decreases in background activity
that were either related to one or more than one direction of
movement. Furthermore, these short phasic changes could occur
either before, during or after the initiation of a saccade. This
is in agreement with our previously reported results for spon-
taneous saccadic eye movements (Soc. Neurosci. _6 #174, 1976).
In addition, half of these eye movement related neurons mani-
fested changes in tonic firing rates (increases or decreases)
that were related to eye position during fixation. Finally, a
small percentage of these neurons (5%, n=2) are related to both
sensory and motor aspects of the task.

Supported by NINCDS Grant #10488
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THE INFERIOR OLIVARY COMPLEX IN THE RAT: GROSS NUCLEAR ORGANIZA-
TION AND TOPOGRAPHY OF OLIVOCEREBELLAR PROJECTIONS. M. K.
McGrane*, D. J. Woodward, M. A. Eriksson, R. A. Burne, and J. A.
Saint-Cyr. Dept. Cell Bio., Univ. Tx. Health Sci. Ctr., Dallas,
Tx. 75235.

This study was carried out to evaluate the topographic organi-
zation in the rat of cerebellar afferent information relayed via
the inferior olivary complex to the cerebellum. Examination of
a detailed series of coronal sections stained with routine cyto-
logical methods, the use of retrograde transport of horseradish
peroxidase (HRP) and antrograde transport of tritiated amino
acids are being employed in this investigation.

Initial studies were undertaken to determine the anatomical
interrelationships of the cell groups constituting the inferior
olivary nucleus (I0) of the rat. Serial coronal sections of IO
stained with cresyl echt violet were examined by light and dark
field microscopy and sections drawn by means of camera lucida.
Three major discrete olivary subnuclei were noted including: 1)
the principle olivary nucleus (PO) with a dorsal and a ventral
lamella (DL and VL); 2) the medial accessory olivary nucleus
(MAO), and 3) the dorsal accessory olivary nucleus (DAO). Five
minor subnuclei were noted including the B nucleus (B), the dor-
somedial cell column (DMCC) of the MAO, the ventrolateral out-
growth of Kooy (VLO), the dorsal cap of Kooy (DC), and a dorsal
cell column (DCC) dorsally and medially to the medial accessory
olive. Two unusual observations were: 1) just caudal to the dor-
sal and ventral lamellae the ventrolateral aspects of the DAO and
MAO were found to fuse near the ventral surface of the medulla;
and 2) the DAO at its most caudal extent folds over on itself
dorsally and medially at its lateral edge to form what we desig-
nate as the '"dorsal fold". The bulk of the olivary complex can
be conceived of as a continuous sheet consisting at various levels
of five distinct layers. The MAO is continuous medially with the
VL; the VL laterally with the DL; the DL dorsomedially with the
DAO, and the DAO laterally with the dorsal fold of the DAO at its
caudal extent.

An evaluation of the localization of olivocerebellar projec-
tions by HRP injections into various cerebellar lobules indicated
the following: 1) the lateral lobules of the cerebellum receive
fibers from the rostral half of the PO, MAO, and DAO; 2) the an-
terior cerebellar vermis receives projections from the caudolat-
eral regions of the MAO and the dorsal fold of the DAO; while 3)
posterior vermis receives from the caudomedial MAO and B nucleus.
The gross organization is that rostral and caudal olive project
to lateral and midline cerebellum, respectively, but with specific
olivary zones highly related to discrete areas in the cerebellum.

(This study was supported by grants NSF GB43301 and NIH
NS13225 to D.J.W.).

THE BASILAR PONTINE GRAY IN THE RAT: AN INITIAL LOOK AT ITS
CYTOLOGY AND SYNAPTIC ORGANIZATION. Gregory A. Mihailoff.
Dept. Cell Biology, Univ. of Texas Hlth. Sci. Ctr. at Dallas,
Dallas, Texas 75235.

Cytoarchitectonic analysis of Nissl-stained, transverse
sections of the basilar pontine nuclei in the adult rat reveals
the presence of five major divisions named with respect to the
longitudinally directed fiber bundles comprising the cerebral
peduncle. These include medial, ventral, lateral, dorsal, and
peduncular nuclei. An apparent increase in cell-packing density
as compared to the opossum (Mihailoff and King, J. Comp. Neur.
159: 521-552, 1975) and cat (Brodal and Jansen, J. Comp. Neur.
84: 31-118, 1946) may account for the difficulty in defining
certain other smaller subnuclei such as the median and dorso-
lateral groups reported in the aforementioned studies in the
opossum and cat.

Observations on the form of individual neurons in the pontine
gray of the adult rat as demonstrated in Golgi-Kopsch prepared
material suggest the presence of two general classes of cells;
a projection neuron whose axon presumably terminates in the
cerebellar cortex as a mossy fiber and an intrinsic cell whose
processes ramify exclusively within the pontine gray. These
results are in agreement with the previously cited study in the
opossum as well as those in the mouse (Cajal, Histologie du
Systeme Nerveux, p. 962, 1906). One interesting difference,
however, is that in the rat, characteristics such as numbers of
dendritic spines, the frequency of dendritic branching and the
length of individual dendrites are quite variable within the
general category of projection cells and seem to justify the
designation of at least two sub-populations of such neurons.

Electron microscopic examination of rat pontine gray neuropil
in aldehyde perfused control brains suggests the presence of at
least two types of neuronal somata, one variety exhibiting a
smooth contoured nucleus, the other, a highly involuted nucleus.
Three general categories of presynaptic profiles can be distin-
quished and include those containing either round, flattened or
pleomorphic synaptic vesicles. The relationship of such vesi-
cle-containing profiles to known basilar pontine afferents and
intrinsic elements will be discussed in the context of their
role in pontine gray synaptic organization.
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FROM STAGGERER VS. WILD-TYPE MICE. Anne Messer and Mary E.
Hatten,* Dept. Neuropathology, Harvard Medical School, Boston,
Ma. 02115

A distinction
and extrinsic to

must be made between genetic factors intrinsic
a specific degenerating cell type if neurologi-
cal mutants that show such effects are to be used to assess
cause-and-effect correlations of neural development. When the
growth of granule cells from cerebella of staggerer (sg/sg)
mutant mice is investigated in monolayer cell cultures using
modified Hams F12 medium plus fetal calf serum, cells from the
mutant are found to clump less and survive longer than their
wild-type counterparts. Thus, the degeneration of granule cells
observed in these mutants in vivo cannot be a function of irre-
versibly programmed cell death before postnatal day 7, the age at
which cells are dissociated (Messer & Smith, Brain Res., in
press).

The possibility that the increased
cell-cell interactions is examined in two systems. In one,
normal cells grown on glass, plastic, or polylysine-coated glass
are compared to each other, and then the behavior of §5[§g vSs.
control cells are compared under the same conditions. Although
the polylysine coating both reduces the amount of initial clum-
ping and increases the survival of normal cells, it does not
completely eliminate the difference between mutant and control.
Mutant and control cultures exhibit the same behavior only when
culture conditions are changed to include supplementation with
horse serum instead of fetal calf serum in addition to the
substrate coating.

A second, more direct test of cell surface differences, uses
the agglutinins Concanavalin A, ricinus communus and wheat germ
agglutinin (WGA). It shows that while WGA causes dissociated
postnatal day 7 sg/sg cells to agglutinate, there is no such
effect on control cells using any of these lectins, or on
mutant cells with the first two. Thus, there must be some speci-
fic cell surface differences between sg/sg cerebellar cells and
their controls.

(Supported by USPHS Research Grant #NS 11237 and a fellowship
from the Medical Foundation of Boston).

survival is a function of

RUBROBULBAR PROJECTIONS IN THE TREE SHREW (TUPAIA). Heather M.
Murr;x.1 Dept. Anat., Univ. of New Mexico Sch. Med., Albuquerque,
NM 87131.

Radio-frequency lesions were stereotaxically placed in the
red nucleus of 16 adult tree shrews. After 4-7 days, the animals
were perfused with 10% formalin and brain tissue was stained for
light microscopy by the Fink-Heimer method. Cresyl violet
acetate was used to stain alternating serial sections for
morphological analysis. Degenerating axons from lesions in the
caudal two-thirds of the red nucleus were traced across the
midline to the ventrolateral border of the contralateral brain
stem. Fibers of passage and preterminal degeneration were
distributed to the chief sensory nucleus of the trigeminal nerve,
medial portions of the spinal nucleus of the trigeminal nerve,
lateral areas of the facial nucleus and of the lateral reticular
nucleus, and also to a small group of cells presumed to be group
f of the inferior vestibular nucleus. Degeneration at the level
of the lateral cuneate nucleus extended into areas presumed to
be Groups X and Z, and ventrolateral areas of the cuneate and
gracile nuclei. Ipsilateral to these lesions a few fibers of
passage and a slight amount of preterminal debris was found in
the facial nucleus. Lesions that involved the reticular
formation surrounding the red nucleus produced relatively large
amounts of degeneration in the pontine and medullary reticular
formation and also within dorsomedial areas of the facial nucleus
contralateral to the lesion. Ipsilaterally, these lesions
produced only slight to moderate amounts of degeneration.

Lesions that involved only the rostral one-quarter or rostral
pole of the red nucleus gave rise to no degeneration in the

areas receiving projections from the caudal two-thirds of the red
nucleus. (Supported by GRS grant 5 SO7 RR 05583-12).
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NEURONAL AND GLIAL ELEMENTS OF CEREBELLUM VISUALIZED WITH NEW
INTRACELLULAR STAIN. C. Nicholson, S. B. Kater, and W.
Dept. Physiol. & Biophys., N.Y. Univ. Med. Ctr., New York, NY
10016; Dept. Zool., Univ. Iowa, Iowa City, IA 52242; and NIH,
Bethesda, MD 20014

Intracellular staining, using stain ejected from a micro-
pipette directly into a cell, has become a powerful tool for
revealing cellular geometry. The most successful stains have
been the reactive fluorescent dye, Procion yellow, the metal
salt, cobaltous chloride and the protein, horseradish peroxi-
dase. We report the use of a new fluorescent dye, Lucifer
yellow, to stain elements of the rat cerebellum.

Rats were anesthetized with urethane and the cerebellum ex-
posed. Micropipettes contained a 3% aqueous solution of Lucifer
yellow CHL (resistance of 50-100 M(). When a cellular element
was penetrated and showed a stable resting potential stain was
injected with a negative current of 10-50 nA for 0.5-10 minutes.
Some cells gave injury discharges on penetration, indicating
that they were neurons, others had high negative (-70 to -80
mV) resting potentials and no discharge, suggestive of glia. At
the end of the experiments, (duration about 4 hours), animals
were perfused with a 4% solution of formaldehyde and frozen
sections cut at 50-100 pm. Sections were dehydrated, mounted
in Entellan and viewed under a fluorescent microscope (excita-
tion filter, Schott BG 12, barrier filter 470 nm cutoff).

Purkinje cell dendrites and somata appeared to stain com-
pletely, including spines; axons were occasionally seen. Golgi
and Basket cells were stained, including both dendrites and
axonal plexi. The profiles of these three neurons resembled
the classical Golgi stain except that Lucifer yellow gave a
more delicate appearance. Numerous glial elements were
visualized. Glia stained incompletely and seemed to be com-
posed of many fine filamentous structures, differing from
typical Golgi representations. Thus Lucifer yellow migrates
more extensively in neurons as compared to glia.

We believe that Lucifer yellow is superior to Procion in its
ability to more completely impregnate cellular elements; this
may be due to its greatly increased visibility. Like Procion,
however, Lucifer yellow will fade on prolonged exposure to a
high intensity light source. Unlike cobalt, horseradish
peroxidase or the classical Golgi stain, Lucifer yellow does
not involve the formation of an intracellular precipitate and
thus may yield a more accurate representation of fine structure.
Supported by USPHS Grants NS-13742 (CN) NS-09696 and AM-19858
(SBK) and Natl. Inst. Arthritis, Metabolic and Digestive
Diseases (WS).

ANALYSIS OF ANURAN VESTIBULO-CEREBELLAR CONTROL BY COMPUTER

MODELING. A. Pellionisz and R. Llinas. Dept. Physiol. & Biophys.,

N. Y. Univ. Med. Ctr., 550 First Ave., New York, NY 10016.
A software computer model was developed as a self-consistent

framework to study global functional properties of the vestibulo-

cerebellar system of frog. The model was based on existing mor-
phological and physiological data from the vestibular system and
the cerebellum. For the latter the neuronal circuitry, as well
as the particular functional properties of cells, was imple-
mented. The actual detailed activity of given cells was simu-

lated by means of a multicompartmental model using Hodgkin-Huxley

parameters for each compartment. A previous study (Pellionisz,
Llinas & Perkel: Neuroscience 2: 19-35, 1977) modeled the anuran
cerebellar cortex and gave us a first order description of the
spatial distribution of neuronal activity produced by inputs
through particular sets of mossy fibers

In the present study the physiological activation of the per-
ipheral vestibular system was simulated. This input was pro-

jected onto a model vestibular nucleus and cerebellar cortex. At

the cortex the spatial organization of the Purkinje cells acti-
vated by different kinds of rotation (pitch, roll and yaw) was
displayed. The overall distribution of the activity in these
modeled neurons suggests that much of the functional specificity
found in this cortex does not require specific connectivity.

Rather, it seems to be related to the location of the mossy fiber

input with respect to the granular layer and in particular with
its location in the cerebellar peduncle. These properties, such
as gpatial distribution of Purkinje cell thresholds and dynamic
responsiveness of these cells to tonic and phasic inputs, were
displayed and analyzed by the model. The study suggests that
such patterns of activity may in fact represent emergent proper—
ties inherent in the morphological organization of the circuit.
The output of the cortex was utilized as a closed loop control
system in the modulation of limb movement.
must be considered, therefore, as an heuristic tool which can
provide an independent test for many of the neuronal circuit

hypotheses which are constantly being postulated in neurobiology.

(Supported by USPHS grant NS-13742 from NINCDS)

Stewart¥*,

This type of modeling
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PROCESSING OF EYE MOVEMENT SIGNALS IN MONKEY FLOCCULUS.
Hiroharu Noda (SPON: S. Hagiwara). Brain Research Institute,
Depts. Physiol. Anat., Sch. Med., UCLA, Los Angeles, CA 90024.

In the flocculus of the monkey, discharges of Purkinje cells
(P-cells), interneurons, and afferent fibers were compared during
saccadic and tracking eye movements, and during steady fixation.
As previously reported, the typical behavior of P-cells during a
saccade was complete cessation of firing, starting 10-15 msec
prior to the saccade (1). During a period of silence in P-cells,
interneurons showed a burst of spikes and mossy fiber units
showed two types of behaviors. One class of fiber units started
a burst 10-20 msec before a saccade, showing peak activity at the
beginning of the saccade. The other class of fiber units showed
a gradually increasing activity starting 100-200 msec before the
saccade, and this long lasting burst reached peak activity at the
beginning of the saccade.

During steady eye position, the discharge rate of some P-cells
was clearly a linear function of eye position (1). This type of
linear relationship was also found in some interneurons and mossy
fibers. However, in most units this linearity was limited to
only a part of the range of eye positions, and the firing either
completely disappeared or reached a maximal rate when the eyes
shifted outside this part of the total range. These differences
in activity between P-cells and their input cells indicate the
manner by which eye movement signals are processed within the
flocculus. (Supported by NIH Grant EY01051)

(1) H. Noda and R. Asoh, Neuroscience Abstracts 2, 1976, P115.

ACTIVITY RELATED TO THE ELECTRIC ORGAN DISCHARGE IN THE

CEREBELLUM OF A MORMYRID FISH. C. J. Russell and C. C. Bell,
Neurological Sciences Institute, Good Samaritan Hospital,
Portland, Oregon. 97210.

Extracellular recording throughout the valvula cerebelli of
Gnathonemus petersii reveals occasional afferents which fire in

relation to the electric organ discharge command signal. But in

most regions, units in the valvular ridge (Purkinje cell area)

only rarely exhibit strong relationships to this sianal. 1In one
area, however, the discharge of afferents in relation to the
command is very prominent, indicating strong and synchronous
activation. Furthermore, unitary and other activity in these
valvular ridges is strongly related both to the command and to
electrical stimulation of the electroreceptor surface. This
area appears to be quite restricted, and possibly comprises only
one or two ridges in the ventral portion of the valvula.

The afferent volley following the command occurs about 15-20
msec after the command signal recorded from the tail in cura-
rized preparations. The volley is accompanied by a field poten-
tial which is negative with respect to the dorsal surface of the
valvula. This potential reverses polarity as the recording
electrode is moved from the granule cell area into the ridge.
Units in the ridge have been observed to be excited at the time
of the afferent volley, inhibited at the time of the volley,
inhibited for a period following the volley, or excited for a
period following the volley. A type of activity which is highly
variable in waveform, with predominantly low frequency compo-
nents, occurs from 40-80 msec following the command signal. This
activity is reminiscent of dendritic spikes or of climbing fiber
activity.

Units respond to electrical stimulation of the skin with
thresholds similar to those of Mormyromast receptors. When such
stimuli are given during the time when electroreceptors would
normally be activated by the electric organ discharge the
responses interact with the command-related activity. This
interaction has been observed to take the form of inhibition,
excitation, or change in the time course .of the response. The
time course of the responses to both command and to external
stimuli, the response thresholds to external stimuli, and the
nature of the interactions all suggest that this area of the
valvula is related to the processing of electrosensory infor-
mation arriving via Mormyromast afferents and is thus related to
electrolocation. The fact that the area in which these response
are found is so restricted indicates that the valvula is also
functionally quite diverse. (Supported by NIH (NINCDS-06728)
and NSF (BMS73-06867) )
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MICROGEOMETRY OF CEREBELLAR CORTICONUCLEAR PROJECTION

IN THE PIGEON. Dietrich W.F. Schwarz and Stuart Wood*.
Depts. Otolaryngology and Anatomy, Univ. of Toronto
Toronto, Ontario, Canada.

Previous evidence indicates that Purkinje cells
(PC) within longitudinal sagitally oriented stripes
of cerebellar cortex project onto distinct cerebellar
nuclear regions. If this pattern were to hold for the
geometrical arrangement of PC projection onto single
nuclear cells it would be difficult to conceive how
the information mediated by parallel fibers through
transversally oriented rows of PC could be utilized
at postcerebellar levels. We studied the geometrical
layout of the PC projection to small nuclear zones.
Small horseradish peroxidase injections into the
cerebellar nuclei of pigeons were achieved by means of
an electrophoretic deposition technique via recording
microelectrodes. As a result relatively small numbers
(50-450) of PC were found labelled in serial sagittal
frozen sections of the cerebellum. The location of
these PC was precisely charted on maps which represent
the cerebellum as one flat sheet of tissue with the
folia imagined unfolded. A strong tendency for
labelled PC to be arrayed transversally, i.e. in the
direction of parallel fibers, is evident on these maps
as shown on our poster.
longitudinal arrangement of the cortico-nuclear pro-
jection merely represents a gross anatomical structu-
rization, whereas the finer convergence pattern is
organized transversally. '
Supported by Medical Research Council of Canada.

184 VISUAL MESSAGE UNITS OF THE RABBIT CEREBELLAR FLOCCULUS.

John I. Simpson and Rainer Hess, Dept. of Physiol. & Biophys.,
NYU Med. Sch., N.Y., N.Y. 10016 and Neurobiol. Sec., Max-Planck-
Inst. for Biophys. Chem., Goettingen, W. Germany.

Previous investigation of the visual messages of the cerebellar

flocculus has focused on the climbing fiber (CF) input evoked
from the ipsilateral eye. We now report on some of the visual
responses of other types of neuronal elements in the flocculus.
Experiments were performed in anesthetized, immobilized rabbits.
Extracellular unit recordings were made primarily from that por-
tion of the flocculus which receives both mossy fiber and CF
visual inputs. Visual stimuli consisted of a large field Julesz
pattern moving with various velocity step profiles. Purkinje
cell CF activity modulated by stimuli presented to the contra-
lateral eye showed direction and speed selectivity. Optimal
speed was about 1°/sec., as found previously for CF's driven
from the ipsilateral eye. Contralaterally driven CF's were most
strongly activated by movement in a direction % 30° from verti-
cally downward. This preferred direction differs from those
found for ipsilaterally driven CF's. In cases where both CF and
simple spike (SS) responses of a Purkinje cell were modulated by
stimuli presented to one eye, the changes in their respective
activity were oppositely directed, but with different time
courses. In response to a velocity step of a few degrees/sec.
the change in CF activity consisted of an initial transient
overshoot (peak latency about 0.5 sec.) followed by a return to
a plateau level. In contrast, the SS activity gradually changed
over 1-2 sec. to reach a plateau level. Modulation of the Pur-
kinje cell SS response in opposite direction to that of the CF
response could be found in floccular areas in which only CF
field potentials were evoked by flash stimuli. This observation
is consistent with the disfacilitatory effect on Purkinje cells
of the CF collateral projection to Golgi cells. The reduction
in SS activity associated with an increase in CF activity was
not manifested as a specific silent period following each CF
response. Integration and differentiation of the velocity pro-
file of the visual stimuli are reflected in the response profile
of some floccular units. An example of a (saturated) integra-
tion is present in response profiles showing that the rate of
change of firing frequency but not the final plateau level is
related to the stimulus speed. An example of a (double) differ-
entiation is present in response profiles showing that the

'edge' of a velocity step is enhanced by an activity pattern
similar in form to a Mach band. A question of interest is to
what extent are these integral and differential operations de-
pendent upon cerebellar cortical circuitry? (Supported by USPHS
grant NS-13742 from NINCDS) .

It is concluded that the known
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FRACTURED SOMATOTOPY OF MINIATURIZED PATCH-LIKE MOSAICS
IN GRAWULE CELL TACTILE AREAS OF RAT POSTERIOR CEREBELLUM
AS REVEALED BY MICROMAPPING. Georgia M. Shambes, Jon W.
Joseph*, John M. Gibson, and Wally Welker. Department of
Neurophysiology, Univ. of Wisconsin, Madison, WI 53706.

We have discovered somatic sensory receiving areas in the
caudal cerebellum previously unknown in any mammal. Patterns
of tactile projections to granule cell (GC) Tayer in cortex of
posterior cerebellum (hemispheres and vermis) in 40 anesthetized
albino rats were defined using tungsten micromapping techniques.
We found four distinct relatively short Tatency GC tactile
areas. Multiple unit responses were evoked by threshold natural
stimulation of cutaneous tissues. Data were obtained from
1430 recording locations. Peripheral projections terminate
within columnar assemblies of granule cells. These columnar
inputs appear as individuated patches or tiles of different
sizes and shapes with major axes ranging from less than 500 um
up to 1500 um. The overall array of adjacent columnar patches
in each area collectively make up a mosaic. Somatotopic
organization within each single patch is highly specific,
whereas somatotopy is fractured or disjunctive from patch to
patch within the mosaic. Electrode densities as high as 75/mm
were required to delineate the fine grained features of the
projections within patches. Each patch of the mosaic receives
input from a definable type of cutaneous structure or region.
The fact that adjacent patches receive inputs from body
structures that often are used together in discriminative
or instinctive behaviors suggests that particular patterns
of contiguity of the patches within a mosaic may constitute
a neural substrate for such act sequences. Our data support
Snider's early contention that tactile projections, rather
than proprioceptive inputs alone, play an important role in
cerebellar sensori-motor functions. These findings necessitate
re-examination of several current views regarding afferent,
efferent and intra-cerebellar circuits and their functions.
(Supported by NSF grant BMS 75-08124 and by USPHS grants
NS06225 and NS07026.)

TOPOGRAPHICAL ORGANIZATION OF DENTATE AND INTERPOSITUS
PROJECTIONS TO THE THALAMUS IN DOG AND CAT. G. B. Stanton.*
(Sponsor: Duke Tandka, Jr.), Department of Anatomy,

College of Medicine, Howard University, Washington,

D. C. (20059).

Studies of cerebellofugal fibers in the monkey have
indicated a topographical organization of projections

to the thalamus from the dentate and interpositus anterior
nuclei with a distinct difference in the mediolateral
distribution of terminals from each nucleus (Stanton, '77).
The results of the present study suggest that the
dentatothalamic and interpositothalamic projections in

the dog and cat display a similar organization. Discrete
lesions and/or localized isotope injections were placed

in the dentate and interpositus nuclei of the dog and

cat. In some cases these were combined with horseradish
peroxidase injections in the ipsilateral motor cortex.
Degenerating axons and axon terminals were stained with

a modified Wiitanen technique. Lesions of the dentate
nucleus in the dog produce 3-5 patches of preterminal
degeneration paralleling the internal medullary lamina

in the medial part of VL. Ventral parts of the dentate
project heavily to the dorsal arch of the VA-VL complex
and the dorsal parts project mainly to centrolmedial
regions of VL. These results suggest an inverted pro-
jection from the dors oventral axis of the dentate to

the thalamus as is the case in the monkey. Projections
from the interpositus anterior to the thalamus in the dog
are less abundant than those from the dentate and more
restricted in the anterior-posterior plane. Interpositus
anterior projections terminated ventral and lateral to

the projections from the dentate in the middle third of
VL. The patchy distribution of interpositus terminals

in the middle third of VL was similar in the cat as
seen with autoradiographic techniques. These results will
be related to a possible somatotopic organization of the
dentate and interposed nuclei. This investigation was
supported by the General Research Support Grant

No. 5 SO1 RR 05361 from the General Research Support
Branch, Division of Research Resources, National Institutes
of Health.
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STAGGERER MUTANT MICE AND NORMAL LITTERMATES EXPRESS DIFFERENT
CARBOHYDRATES ON POSTNATAL CEREBELLAR CELLS.E.Trenkner ,K.Herrup,
M.E.Hatten ,and S.Sarkar. Dept. Neuropath.,Harvard Med. Sch.,Bost-
on,Ma.02115, Div.Med.Genetics,Dept.Med.M-013,Sch.Med.UCSD,La
Jolla,Ca.92093. Several anti-carbohydrate antibodies have been
shown to inhibit reversibly nervefiber outgrowth by early postna-
tal and embryonic cerebellar cells in microwell cultures(l,2),de-
monstrating that embryonic and postnatal tissue expresses diffe-
rent carbohydrate moieties.In the current study an anti 1 6
mannan antibody (against yeast) and an anti sialic acid antibody
(against Neisseria meningitidis type B) (2) were used to probe
cell surface carbohydrates of cerebellar cells fromC57B/6 stagger
er (sg) mutant mice as compared with their normal littermates.
Anti 1-- 6 mannan antibody inhibited in vitro fiber out -
growth between reaggregated clusters of cells from normal 7 day
old (P7) cerebellum, but not by cells from P7 sg cerebellum.. In
cryostat sections, FITC-conjugated anti 1-- 6 mannan antibody
stained granule cells of both external and internal granule
layers and Purkinje cell bodies of normal P7 cerebellum, but
no staining was observed in sections of P7 sg cerbellum.

Anti 1-- 6 mannan antibody, therefore, recognizes a mannoside-
containing component of normal but not sg cerebellum.

Anti sialic acid antibody gave a different reaction. No in-
hibition of in vitro fiber outgrowth in microwell cultures was
observed with P7 cerebellar cells treated with this antiserum (2)
However, fiber outgrowth was inhibited in microwell cultures of
both embryonic day 13 normal cerebellar cells and P7 sg cells.
In addition, whereas postnatal days 13 to 15 cryostat section
of normal cerebellum were not labeled with FITC-conjugated

anti sialic acid antibody, cryostat sections from postnatal

day 13-15 sg cerebellum were heavily labelled. Both the inhibi-
tion of fiber outgrowth in vitro and the fluorescent labelling
in cryostat sections was blocked specifically by N. meningitidis
type B polysaccharide (a sialic acid polymer). The anti sialic
antibody, therefore, appears to probe a sialic acid-containing
moiety present on normal embryonic and postnatal sg cerebellar
cells, but not on normal postnatal cells. These results are in
agreement with similar studies performed with plant lectins(3)
and suggest that postnatal staggerer cerebellar cells differ from
normal cells of the same age with respect to at least two cell
surface characteristics.

1. Trenkner,E., and Sidman, R.L. (1977) submitted.

2. Trenkner,E., and Sarkar , S. ( 1977) J Suprarol.Struct. Suppi.
1, p. 25

5. Messer,A. , and Hatten,M.E. (1977) Neuroscience Abstr



CEREBRAL CORTEX






187 LONG RANGE ORDER IN CEREBRAL MACROMOLECULES SUGGESTED BY ELF,

VHF and UHF FIELD EFFECTS ON CALCIUM BINDING. W. Ross Adey and
Suzanne M. Bawin*. Brain Res. Inst., Sch. Med., UCLA, Los
Angeles, CA 90024.

Chemical interactions at specific amplitudes and frequencies
of weak imposed electromagnetic fields may arise in cooperative
processes involving long range order between charge sites on
transductive macromolecules at membrane surfaces. In a search
for long range order in anionic binding sites on cell surface
macromolecules, we have used ELF fields in the range 1 to 100 Hz,
VHF fields at 147 MHz amplitude modulated at frequencies from
1 to 30 Hz, and 450 MHz UHF fields also amplitude modulated at
frequencies from 1 to 30 Hz. We have found a series of ampli-
tude and frequency "windows'" that strongly suggest resonant in-
teractions based on long range order. ELF fields between 6 and
20 Hz reduced 45Ca?* efflux from chick and cat forebrain tissue
by about 15%, with a-maximum effect for fields in air at 10 and
56 V/m. Effects were insignificant at 5 and 100 V/m. Isolated
chick cerebral tissue was also exposed to a 147 MHz field,

0.8 mw/cm? and amplitude modulated at frequencies from 0.5 to

35 Hz. There was a frequency "window'" for increased efflux (15%)
at modulating frequencies from 9 to 20 Hz. We have varied the
intensity of a 450 MHz field, amplitude modulated at 16 Hz, from
0.1 to 5 mw/cmz. There was an amplitude "window" for increased
calcium efflux between 0.375 and 1.0 mw/cm2. We hypothesize
that membrane surface charge sites behave ''coherently'" over a
considerable area, and that a coherent patch may be triggered to
change state by a very weak trigger at one point. This trigger
event may involve proton tunneling at the boundary of such a
patch.

Supported by Contract N00014-69-A-0200-4037 ONR, Contract NIEHS
N00014-76-C-0421, and Contract BRH 2 ROl.FD 678-02.

189 MORPHOMETRIC AND FUNCTIONAL STUDIES ON EFFECTS OF 200 RADS

CO-60 PRENATAL RADIATION ON THE BRAIN AND BEHAVIOR OF SQUIRREL
MONKEY OFFSPRING. Kenneth R. Brizzee, Neurobiology Department,
Delta Primate Center, Covington, Louisiana 70433.

Abnormalities of the brain represent frequently cited radia-
tion effects after prenatal exposure. Species differences in

‘ biological dose-response effects indicate that differential
radiation effects on various regions of the brain are most like-
ly verifiable in diurnal primates since they are of the same
taxonomic order as man and encephalization of brain functions
is comparable. The aims of these morphological and functional
studies were to compare offspring prenatally exposed to 200
rads Cobalt-60 radiation with 6 matched controls on days 1 and
2 after birth on: 1) brain weight, cortical depth, neuron-glia
populations and dendritic spines; 2) neuromuscular reflexes and
behavior; 3) homeostatic regulation of temperature, respiration
and heart rate.

Prenatal exposure to 200 rads Cobalt-60 resulted in a signifi-
cant reduction in body weight, crown-rump length and head cir-
cunference in the 2-day old offspring. There was also a signifi-
cant reduction in brain weight and cortical depth in the motor
cortex. Examination of cortical areas indicated a significant
change in neuron and glia cell populations. Examination of
dendritic patterns in cortical regions indicated significant
reductions in dendritic spine counts. Regarding neurological
and behavioral tests, significant prenatal radiation effects
were observed in righting, head-up orientation and tail hanging
reflexes, and on climbing performance on an inclined plane.
Prenatal radiation exposure resulted in a significant increase
in the basal and activation range in homeostatic regulation of
temperature, respiration and heart rate. From the morphometric
and functional studies it was concluded that extrapolations
concerning prenatal radiation effects on regional variations in
brain vulnerability and behavioral impairments suspected in man
are most likely verifiable in higher diurnal primates.

(Supported in part by NIH Grant 1 RO1 HD09942)
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HIPPOCAMPUS OF REELER MICE. T.V.P, Bliss*, M.L. Errington* and
R. Victoria Stirling*. (SPON: J. Dostrovsky). Nat. Inst. Med.
Res., London, NW7 1AA.

The morphology, ultrastructure and pattern of afferent and
efferent connections of pyramidal cells in regions homologous to
CA3 and CA4 of the normal mouse have been examined in reeler
littermates.

Morphology. Observations on Golgi impregnated material show
that CA3 cells in reeler have a roughly normal pattern of
dendritic arborization despite abnormalities in cell position.
CA4 cells in reeler are widely scattered among the granule cells
which occupy the hilar region, as shown in Golgi material and
by retrograde transport of HRP injected into the contralateral
hippocampus. Dendrites of CA4 cells which in the normal
animal are confined to the hilus of the dentate gyrus, in reeler
assume a stellate configuration with dendrites extending into the
granular layer, and in some cases penetrating through the
molecular layer to the pial surface. The dendritic excrescences
receiving mossy fibre terminations in both CA3 and CA4 pyramids
are limited in both reeler and normal animals to the proximal
third of the dendritic tree.

Ultrastructure. In the hilar region of both reelers and
normal littermates characteristic mossy fibre synaptic profiles
are seen in the EM. In reeler, mossy fibre terminals have also
been found in the supragranular part of the molecular layer.

Distribution of afferent and efferent fibres. The terminal
field of the mossy fibre input to CA3 and CA4 cells was
visualised using the Timm's staining method. In reeler, the
densely staining mossy fibre band is expanded to accomodate the
spread of CA3 cells. In Golgi material, mossy fibres in
reeler mice are sometimes seen meandering in the supragranular
region before exiting from the hilus. These axons and their
terminals are visible in Timm's sections as dense supragranular
clumps. Commissural projections were studied using the HRP
technique. Injections of HRP into subfields CA3 or CA4 of both
normal and reeler mice resulted in retrograde transport to
pyramidal cells in contralateral CA3 and CA4 respectively.

These observations demonstrate that pyramidal cells in reeler
mice, despite their abnormal locations, are interconnected
via the commissural system in a normal manner. The results
also emphasize that the position of target cells is a determining
factor in the location of mossy fibre terminals.

EFFECTS OF IMPLANTATION WITH VARIOUS TYPES OF SUBDURAL ELECTRODE

ARRAYS. L.A.Bullara*, D.Jacques, R.H.Pudenz*, T.G.H.Yuen* and
W.F.Agnew. Huntington Institute of Applied Medical Research,

Pasadena, California.

The generally accepted procedure to fabricate electrode arrays
for surface cortical stimulation is to imbed the electrodes in
a silastic backing. This technique invariably leads to depres-
sion of the brain beneath the electrodes and the herniation of
the brain around the periphery of the silastic disc. Extensive
observations done at this and other laboratories consistently
show this depression and herniation. Attempts to modify the
silastic imbedding by using a thicker silastic backing to prevent
buckling or thinner backing to nllow conformation to the cortical
surface have been unsuccessful. However, if the silastic
material is eliminated altogether by supporting the electrodes
on 9-0 nylon spokes significant reduction of the cortical
depression and herniation have been observed. Supported by
NINCDS contract No. NOS-NS-0-2275.
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THE “CALLOSAL ZONE" IN THE FIRST AND SECOND SOMATOSENSORY AREAS OF THE CAT. Reberto
Caminiti*, Giorgio M. Innocenti and Tullio Manzoni*. Institut d'Anatomie, Université de

Lausanne, 1011 Lausanne, Switzerland, and !stituto di Fisiologia Umana, Universita d'Ancona,
Italy.

The regions of origin of callosal fibres (callosal zones cf. ref. 1) in the body repre-
sentations in SI and SI1 of the cat were studied by retrograde transport of horseradish
peroxidase (HRP). Two types of experiments were performed: a) Small, Tocalized injections
of HRP into S1!, preceded by electrophysiological identification of the cutaneous district
represented at the injection site. b) Multiple injections of HRP into areas Si and Sll; in
the same animals, in contralateral S| and SI1, the position of HRP filled neurones {callosal
neurones) relative to the somatotopic map was determined by electrophysiological recording
of single units and electrode track reconstruction. For histolagical methods and data analy-
sis see (2). It was found that the callosal zone in S! is discontinuous. A small, rather
densely packed group of callosal neurones exists in the most anterior part of S! at the
frontal end of the coronal sulcus (area 3a). Moving posteriorly along the coronal gyrus and
up along the posterior sigmoid gyrus no callosal neurones are found until the middle portion
of the latter gyrus. In S!l callosal neurones are more widespread than in S| although their
packing density is non homogeneous. In the anterior part of $1 and in SII, callosal neurones
are found in regions which contain a detailed representation of the distal part of contra-
Jateral forelimb. These neurones project to a part of S!! where the distal part of the fore-
Timb is represented. In both SI and S| most callesal neurones are in layer |11, some in
Tayers V and VI. In coronal sections, callosal neurones in S| appear arranged in clusters
of irregular shape and distribution. Most callosal neurones are pyramidal; some are fusiform
cells (layer Vi) whose main dendrite can sometimes be traced to layer 1; very few others are
stellate cells. In layer |11 the average size of callosal neurones is significantly larger
than that of neighbouring non callosal neurones. The extent and location of the callosal
zones in S| and S!! suggest that a transformation of the cortical somatosensory map takes
place in the callosal message originating in these areas. The cortical regions of dista
forelimb representation are not mute to the contralateral hemisphere.

1) Innocenti 6.M., et al., Neurosc. Letters, 4 (1977) 237-242.
2) Innocenti G.M., and L. Fiore, Neurosc. Letters, 2 (1976) 245-252,

USE OF CORTISAL CIRCUITS DURING SEIZURES: AN AUTORADIOGRAPHIC
STUDY WITH = C~DEOXYGLUCOSE. Robert C. Collins. Dept. Neurol.,
63110 .

St. Louis, Mo.

The injection of 25 units of penicillin into
anterior motor cortex of rats in 0.1pl of CSF
resulted in, repetitive spike discharge for 90
minutes. C-deoxyglucose autoradiography
performed on animals with repetitive contralateral
focal convulsions revealed a 2-3 x increase in
glucose utilization in a distinct histological
pattern in the cortex.

Immediately surrounding the injection there
was metabolic activation of all cortical layers,
with strict vertical borders on medial and lateral
sides. The posterior third of the focus showed
full activation of layers V & VI, with on-off
columns extending into layer I. The focus ended
in a single trailing column. Activation beyond
the focus occurred ipsilaterally in 1-3 columns
posterior and lateral to the focus in sensory
cortex, and specific activation of Sm 1I above the
rhinal fissure. The contralateral anterior motor
cortex showed increased glucose utilization in
deep layers (probably Vb & VI) with columnar
patches in I-III. Throughout the cortex ipsi-
lateral to the focus there was inhibition of
normal activity in layer IV, and a more generalized
depression of activity below control in all layers
of cortex not specifically activated by the seizure.

Focal penicillin seizures result in an in-
crease in glucose utilization in specific cortical
circuits arranged in a columnar and laminar
pattern, and in widespread decrease in glucose
utilization in ipsilateral cortical areas around
and beyond these circuits.
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BEHAVIORAL CORRELATES OF NEURONS IN RAT SENSORIMOTOR CORTEX.
John K. Chapin and Donald J. Woodward. Univ. Tx. Health Sci.
Cntr., Dallas, Texas 75235,

It is known in the rat that there is a considerable overlap
between motor cortex (defined as the regions with lowest thres-
hold for movement elicited by electrical stimulation) and somato-
sensory cortex (the regions which give unit or evoked responses at
the lowest threshold of peripheral stimulation). This study con-
sidered the question of whether neurons of the sensorimotor cor-
tex (SmC) fire exclusively in relation to sensation, to movement,
or to combinations of both in the context of ongoing behavior.
Single unit recordings were obtained with microelectrodes driven
into the SmC's of unrestrained, behaving rats chronically implan-
ted with a movable microdrive apparatus. Each unit was observed
for a period of one to six hours. while the animal was (1) at rest;
(2) oriented or vigilant to the approach of the investigator's
hand; (3) mechanically stimulated in somatosensory receptive
fields; (4) undergoing manipulation of its limbs by the investi-
gator; and (5) exhibiting spontaneous exploratory movements or
forced treadmill running. Preliminary studies of over seventy
cells suggest three general categories of units. Most numerous
(60%) were the small (200-400uV) units of all layers which pos-
sessed large, variable, and vaguely defined somatosensory recep-
tive fields, were responsive to the approach of a hand during vig-
ilance, but fired in marked correlation with general behavior
states such as running, exploration and rest. Responsiveness of
such cells to somatic stimulation typically attenuated during
movement. The second most commonly found (25%) category included
the large (400-1000uV) units of the middle and deep layers which
possessed a low resting discharge but fired strongly under appro-
priate conditions. Some of these cells responded specifically to
somatic touch, a few of which were driven only when the limb was
held at a particular position. In the rostral part of the SmC
most large cells fired in response to passive manipulation of
limbs and also to active movement of those limbs. In states of
whole body motion the firing relation to movement of specific
parts of the body became less apparent. The least commonly found
category included the medium size (300-500uV) units of the middle
layers of the more caudal SmC which exhibited very regular, con-
stant, and clearly delimited somatosensory receptive fields.
These characteristics were preserved during movement. This data
suggests the concept that somatosensory information is available
to almost all SmC cells but is utilized differentially depending
on neuron type and on the behavioral state of the animal.

(This study was supported by grants NSF GB43301 and NIH
NS13225 to D.J.W.).

NORMAL AND POST-TRAUMATIC DEVELOPMENT OF CORTICOSPINAL NEURONS IN
RAT STUDIED WITH HORSERADISH PEROXIDASE. Constance J. D'Amato
and Samuel P. Hicks. Dept. Pathology, Univ. of Michigan Medical
Center, Ann Arbor, Mi 48109.

Corticospinal (CS) neuroms in the mature rat labeled with HRP
from their cut axons at cervical and lumbar cord levels are dis-
tributed in the dorsal cortex in a major caudal band, CB, and a
minor rostral band, RB, separated by a gap, G, in which none or
few neurons appear (see figures). CB overlaps Krieg's (1946)
areas 3, 4, 6 and Hall's and Lindholm's (1974) forelimb to hind-
1imb motor areas. CS neurons labeled from cervical and lumbar
levels are intermixed non-somatotopically in CB. RB, lying in
area 10, can only be labeled from cervical cord (Hicks, D'Amato,
1977).

Labeling from cervical levels in rats 2, 4, 5, 7, 10, 13, 17,
21 days or later shows that CB and RB are continuous, the G re-
gions containing many CS neurons, until about 13 days (see fig-
ures). After that they can no longer be labeled. Some CS neur-
ons in the rostral medial cingular cortex as well as in cortex
lateral to CB and RB can be labeled in the first week. The
presence of neurons in G, medial, and lateral regions whose ax-
ons extend to the cervical cord only in infancy cannot be ac-
counted for by the normal uneven growth of the cortex.

When the presumptive domain of CB is bilaterally ablated in
early infancy, many CS neurons in the G region can be labeled
from the cervical cord when the animal matures.

In the diagrams below, the distributions of CS neurons are re-
presented by dots in outlines of fixed brains of normal rats of
different ages. (USPHS NS 10531)
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INFANTILE STIMULATION INDUCES BRAIN LATERALIZATION IN RATS.
Victor H. Denenberg, James Garbanati*, Gordon Shérman*, David
Yutzey* and Richard Kaplan*. Univ. of Connecticut, Storrs, Conn
06268

During the first 20 days of life some rat litters were
handled daily for 3 min while control litters were not disturbed.
When weaned at 21 days half the litters within each group were
placed by pairs into standard laboratory cages until Day 70 when
all were isolated. The other litters were put into Hebb-type
enriched enviromments until Day 50, then were housed by pairs in
laboratory cages until Day 70, and were singly housed there~
after. When approximately 135 days old, rats within each of the
4 experimental treatment groups had (1) a left hemisphere neo-
cortical ablation, (2) a right hemisphere neocortical ablation,
(3) a sham operation, or (4) were not distrubed. When 165 days
old, all animals were tested for 3 min in the open field for &4
successive days, and their activity recorded.

The activity scores of shams and controls did not differ
and their data were pooled. The Handling and the Enriched
Environment variables interacted significantly with the Brain
Lesion variable. For animals not handled in infancy, regard-
less of postweaning experience, a cortical ablation in either
hemisphere resulted in an increase in activity. In handled
animals, ablating the left brain did not affect activity. How-
ever, the right brain lesion had complex effects: handled rats
reared in laboratory cages after weaning with their right brains
ablated were the most active group of all, while handled rats
who had had enriched environmental experience after weaning and
then had their right brains removed were the least active group.

These findings suggest that, in the rat, handling in in-
fancy results in hemispheric asymmetry of brain organization in
adulthood.

INTERHEMISPHERIC CONNECTIONS BETWEEN THE NEOCORTICAL
FOREPAW REPRESENTATIONS IN THE VIRGINIA OPOSSUM.
Robert E. Foster and Ford F. Ebner. Neuroscience
Section, Div. of Bio. and Med., Brown Univ.,
Providence, RI 02912,

The anatomical distribution of commissurally pro-
Jecting cells in one hemisphere and their axonal
terminations in the other were correlated with the
limits of the area showing evoked potentials to
electrical stimulation of the forepaw. Within the
somatic sensory cortex of the opossum (D. virginiana)
the density of commissural cells and their axon
terminals varies, but all regions give rise to and
receive at least some commissural connections. To
chart the distribution of commissurally projecting
cells, horseradish peroxidase (HRP) was placed in the
transected neocortical commissure. Two days later the
forepaw representation on one side was mapped with
microelectrodes and small electrolytic lesions were
placed along its borders. The animals were perfused
and the brains processed to demonstrate the HRP re-
action product. The results show that within the
central region of the forepaw area only a small number
of cells in layers II-III give rise to commissural
axons, while along the boundaries of this area such
retrogradely filled perikarya are much more numerous
and located in all cell layers, with the majority
8till in layers II-III. The distribution of
commissural axon degeneration following large lesions
of somatic sensory cortex on one side shows two main
patterns. First, within the central region of the .
forepaw area, dense terminal degeneration is present
only in layers I-II and VI, with only sparse degene-
ration in the other layers. In contrast, the zones
adjacent to the central region show dense terminals
in layers I through VI. Electron microscopic exami-
nation of commissural axons 6-9 days after unilateral
decortication showed that their terminals contain
round synaptic vesicles and form asymmetrical membrane
differentiations in all layers of both regions.
Dendritic spines were the most commonly identified
postsynaptic element. Thus, even though all parts of
opossum somatic sensory cortex give rise to and
receive interhemispheric connections, the present
results suggest that there are subareas that can be
distinguished by the organization of their commissural
connections.

(supported by USPHS grant # NS 13031)
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AUDITORY CORTEX IN GALAGO SENEGALENSIS.

D. Fitzpatrick*, D. Raczkowski*, R. J. Ravizza and I. T.
Diamond. Dept. Psychol., Duke University, Durham, NC
27706, and Dept. Psychol., Pennsylvania State University,
University Park, PA 16802.

In our continuing investigation of the sensory pathways in the
prosimian primate, Galago senegalensis, we have examined the
connections of the auditory cortex utilizing the retrograde
transport of horseradish peroxidase (HRP). Iontophoretic
injections of HRP were made in various portions of the auditory
cortex and, following a survival time of 24 hrs, the tissue was
processed for HRP histochemistry.

Primary auditory cortex (AI), as defined on the basis of
cyto- and myelo-architecture, is located on the rostral pole of
the temporal lobe, midway between proisocortex and the dorsal
extremity of the sylvian fissure. HRP injections in Al resulted
in labeled cells in the ventral division of the medial geniculate
body (GMy) which were always arranged in a characteristic
laminar pattern. Injections in the dorsal portion of Al resulted
in bands of labeled cells along the medial border of GMy; if
HRP was injected more ventrally in AI, the band in GMy was
more laterally located.

Injections of HRP in the different cortical regions surround-
ing AI led to distinctly different patterns of labeled cells in the
thalamus. Injections ventral to Al and dorsal to proisocortex
resulted in labeled cells in the caudal extremity of the medial
geniculate body. Injections in the lateral bank of the sylvian
fissure, medial to AI, produced a prominent focus of labeled
cells in the magnocellular division. Injections placed near the
dorsal tip of the sylvian fissure led to labeled cells in the
suprageniculate nucleus (Sg). Following injections in the cor-
tex intercalated between AI and the target of Sg, labeled cells
were observed in the dorsal division of the medial geniculate
body and in other portions of the posterior group. Finally,
injections in the medial wall of the sylvian fissure produced
label primarily in the anterior portion of the posterior group,
adjacent to the ventrobasal complex.

(Supported by NIMH fellowship 1-F31-MH05964-01 (DR),
NIMH grant MH-4849 (ITD) and NINCDS grant 11554 (RJR))

THE HUMAN AUDITORY CORTEX: A JEW CYTOARCHITECTONIC MAP,
Albert M. Galaburda* and Friedrich Sanides*. (SPON: Gary
Van Hoesen) Harvard Medical School, Boston, Ma. 02115,

As a part of a larger study on the microscopic right-left
asymmetries in the human brain the primary and association
auditory cortices were parcellated in six separate hemispheres
using serially secticned, whole-brain buman material stained
with the Nissl method. By ewmploying cytoarachitectonic criteria
adapted from the Vogt school (F. Sanides, in The Structure and
Function of Nervous Tissue, G.H. Rourne, Fd., Academic Press,
New York, 1972) the following findings were made: The primary

Gesch. 139:127, 1973) was found mostly on the anterior gyrus of
Heschl, and seemed to show varying degrees of focal differenti-
ation, especially in the size of IIIc pyramids; as in the
rhesus monkey, belts of association cortex, parakoniocortex,
were found surrounding the koniocortex KA., Several divisions

of parakoniocortex were noted: a rostral, parvocellular divi-
sion; an internal division characterized by large IIIc pyramids;
a lateral division notable by the presence of rows in layer III;
a caudo~dorsal division which is similar to the internal
division except for the presence of only foeci of large IIlc
pyramids and a darker layer V; and finally a temporoparietal
division, Tpt, with features of parietal cortex, felt to be a
form of integration cortex on architectonic grounds. An area
in thHe parinsular region, proA, making up part of the medial
border of KA, was felt to represent a more primitive auditory
cortex, A-II.

The morphology of each division, in addition to its location,
correspond largely to the auditory areas of v. Economo and
Koskinas (Die Cytoarchitektonik der Hirnrinde des erwachsenen
Menschen, Springer-Verlag, Berlin, 1325) with one major exception
The caudo-dorsal parakoniocortex was found to extend to the
caudal end of the Sylvian fossa and around the back onto the
medial aspect of the parietal operculum, there extending rostral-
ly for about one centimeter. To our knowledge this is the first
time a cytoarchitectonic map of the auditory cortex has clearly
shown the presence of this type of cortex well into the parietal
operculum. This data provides for the first time a cytoarchi-
tectonic substrate for the neurophysiologic findings of auditory
evoked potentials in the parietal operculum (T.J. Imig et al.,

J. Comp, Neurol. 171:111, 1977).

(Supported in part by a Biomedical Research Support Grant
#S0L RRO 5479, Neurological Unit, Beth Israel Hospital, Boston,
Ma. 02215 and NIH Grant# NS 06209).
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EFFECTS OF DIPHENYLHYDANTOIN ON EVOKED POTENTIALS AND SINGLE
NEURON ACTIVITY IN THE ANTERIOR CEREBRAL CORTEX OF DOMESTIC CATS.
F.A. Harris and A.L. Towe. Dept. Physiol. & Biophys. (SJ-40),

Univ. of Wash. Sch. Med., Seattle, WA 98195.

Surface-recorded gross potentials and extracellularly recorded
single neuron activity evoked by skin stimulation were studied in
pericruciate and precoronal cortex of chloralose-anesthetized,
immobilized cats before and after topical application of diphenyl-
hydantoin to each recording site. A minute amount applied in
crystalline form produced an immediate and profound reduction in
evoked potential amplitude, followed by recovery along a time
course suggestive of spreading cortical depression. Occasionally,
after an extremely small amount of the drug was applied, the gross
potential evoked by contralateral forepaw (CF) stimulation in-
creased, "diphenylhydantoin spikes''—gross potentials analogous
to strychnine and bicuculline "spikes''—appeared after off-focus
(IF, CH and IH) stimulation, and the evoked discharge of single
neurons increased to CF stimulation (sa neurons) or to all inputs
(m neurons). In precoronal cortex, the effects of the drug ap-
plied in saline solution at 1 mg/ml, buffered to pH 7.4, included
a brief initial reduction in gross potential amplitude, followed
by recovery (about 2 min) and then an increase lasting from 15
min to 1.5 hr. In pericruciate cortex, the same effects occurred
in response to CF stimulation. In addition, '"diphenylhydantoin
spikes" appeared, appended to the normal gross potentials evoked
by off-focus (IF, CH and IH) stimulation. The evoked discharge
of single neurons increased, generally in parallel with the en-
hancement seen in the gross potential evoked by CF stimulation.
There were a few paradoxical instances in which neuron response
increased while the simultaneously recorded gross potential
decreased. One precruciate neuron changed from an sc type
(response only to CF and CH) before drug application to an m type
(response to all paws) after drug application. It remains to be
explained why an agent which is used chronically as an anticon-
vulsant drug, should produce "convulsant'" activity, like that
produced by strychnine and bicuculline, when applied acutely to
the surface of the cortex. The increased excitability of single
neurons after topical application of the drug may bear a relation
to the increased tendency to seizures associated with abrupt
withdrawal of the drug in persons under chronic therapeutic
treatment (i.e., there may be a critical local concentration at
which this drug has an excitant effect). (Supported by NS00396
and NS05136)

LIGHT AND ELECTRONMICROSCOPIC ANALYSIS OF INTRINSIC NEURONS IN
CATS SUPRASYLVIAN GYRUS; DEGENERATION PATTERNS AFTER CORONAL LE-
STON.

V. Hayes*, B. Weissman*, I. Kaiserman-Abramof, J. Ferguson.

Division of Neurology and Department of Anatomy, Case Western Re-
serve University School of Medicine, and Veterans Administration
Hospital, Cleveland, Ohio.

To determine the origin, extent, and termination of neurons
intrinsic to cat suprasylvian gyrus (SS), light and electronmi-
croscopic (EM) sections of degeneration patterns were studied
after a transverse (coronal) subpial cortical lesion was made by
a fine wire leukotome. Fink-Heimer sections at 3 days showed
maximal terminal degeneration in layers I and II up to 8 mm
anterior and posterior from the lesion. Fiber degeneration,
maximum at 7 days, extended 10 mm anterior and posterior from the
lesion, was mostly horizontal and mainly restricted to layers
III-VI.

For the EM study, counts of layer II neuron soma and neuropil
terminal degeneration in a 29/39u area around each cell were
made 1 and 2 mm from the lesion.

Survival Areas Terminal/ % Degen- Cells Terminals/ % De-
time analyzed area eration analyzed Soma section genera-
(days) tion
Control 11 88 0 13 7 0
2 8 84 1 10 8 2
4 10 81 1 10 4 0
21 8 98 2 8 4 2

The degeneration shown in the table above represents dark de-
generation and was 2% or less in all areas for cell soma and neu-
ropil. A significant decrease in axon terminals/cell soma/area
(ATCA) occurred between the second and fourth day and was still
present at 21 days. This abrupt and lasting decrease in ATCA
numbers could represent terminal degeneration with removal over
the period studied. In addition to the decrease in ATCA, the
observation that glial processes occupied increased surface areas
of neuron somata may indicate glial removal of degenerating ter-
minals and occupation of the vacated terminal sites.

These EM data for layer II SS in the cat argue that the major
effect of a single coronal lesion is the removal of terminals
from neuron cell bodies. The Fink-Heimer study suggests that
the soma terminal loss could extend for over 16 mm in SS.

NIE NS-12416-02, MSTP NIH 5T32-GM-07250, VAH 541-2788-02
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MEASURENMENT OF CELLULAR AMD EXTRACELLULAR PARAMETERS OF
CEREBRAL CORTEX BY ANALYSIS OF CORTICAL ELECTRICAL IMPEDANCE.
James W. Havstad* (SPOH: Robert P. Scobey). Department of
Pharmacology, School of Medicine, University of California,
Davis, CA 95616.

Electrical impedance of cerebral cortex has often been
considered to be determined by extracellular current flow,
thereby providing 1ittle information about cellular elements.
Ranck (Exp. Neurol. 9:1-16, 1964) has obtained a different
conclusion using an analysis based on randomly oriented,
branching cellular elements. This problem has been reexamined
by measurement of magnitude and phase angle of impedance of
superficial cortex in the rabbit. From anatomical and passive
electrical characteristics of the superficial cortex, a mathe-
matical model of cortical impedance was developed, which
resembles that of Ranck in assuming random dendritic structures.
Comparison of experimental data with prediction from the model
supports the conclusion that impedance is a measure of both
cellular and extracellular parameters.

Impedance magnitude and phase angle are measured substan-
tially continuously and simultaneously at one-half decade fre-
quency intervals from 5Hz to 15.8kHz, using a four-pole
electrode array and subthreshold currents. The electrodes
rest on the exposed pial surface, and measure impedance to a
depth of about 0.25 mm. Impedance magnitudes are about five
times the resistivity of isotonic saline and decrease with
increasing frequency. Phase angles are negative and show
peaks of about 2.4 degrees around 50Hz and 3 degrees at 15.8
kHz. Good agreement with the model is found when a finely
lamellar structure for glia is assumed. The low frequency
phase angle is due to current flow in dendrites oriented
substantially parallel to the measuring field, and is a mea-
sure of dendritic membrane time constant. The high frequency
phase angle peak is due to similarly oriented glia, but is
independent of glial membrane resistance.

Analysis of impedance changes during spreading depression
shows the expected changes in dendritic membrane permeability
and extracellular volume, and allow monitoring of their indi-
vidual time courses. An additional unexplained change in
dendritic membrane is required during recovery from spreading
depression to account for prominent features in the experi-
mental data.

(Supported by MHIH grant IH17471).

ROLE OF VISUAL CORTEX IN ANTICIPATORY ORIENTATION
TOWARD MOVING TARGETS BY THE GERBIL.
David Ingle, Brandeis University, Waltham, MA 02154

Throughout the vertebrate phylogeny, the optic
tectum appears to.mediate rapid orientation of eyes
or head toward objects of interest to the animal.

We have developed a procedure for cine analysis of
visually-elicited orientation by the Mongolian
Gerbil (Meriones unguiculatus) by which subtleties
of visuomotor behavior can be discovered and analyzed
quantitatively. Repeated analysis of six normal
gerbils, trained to wait for the sudden appearance
of discs baited with seeds, reveals that the initial
head turn typically undershoots a stationary target.
However, when stimuli emerge from behind frontal
barriers and move toward the periphery, the gerbil's
first head turn is typically an overshoot of the
target position seen at the initiation of the turn.
That is to say, the gerbil's turn leads a moving
target and sets him on a collision course.

Two gerbils with large lesions of visual cortex
made normal initial head turns toward stationary
objects throughout their visual fields. However,
both animals consistently failed to show the "antici-
patory® overshoot of head movement (and subsequent
pursuit) associated with temporalwards moving objects.
Further studies are in progress, using unilateral
lesions more nearly limited to striate cortex. These
data confirm the qualitative observation of Schneider
(Science, 163:895-902, 1969) that hamsters can
orient accurately following large lesions of visual
cortex. They add the new information that "tracking"
of a rapidly moving target depends upon integrity
of cortex as well as of the optic tectum. Our ob-
servations are in agreement with those of Humphrey
(Perception, 3:241, 1974), who noted that a long-
term destriate monkey was capable of accurate eye
saccades but showed no smooth pursuit abilities.

It seems likely that a cortically triggered mechan-
ism can "override" the simpler orienting behavior
mediated by the optic tectum during pursuit of moving
targets.




203 RECIPROCAL CONNECTIONS OF THE THALAMUS AND THE INFERIOR PARIETAL

LOBULE. David L. Kasdon* and Stanley Jacobson. Departments of
Neurosurgery and Anatomy, Tufts Univ. Sch. Med., Boston, Mass.,
02111.

The inferior parietal lobule (IPL) of the rhesus monkey
represents association cortex with multimodal sensory input
subserving language, visual and related higher cortical
function. Ve have studied the IPL with eight cortical
injections of HRP demonstrating diverse thalamic input to this
region (Anat. Record 187:769). A major projection to the
superior portion of the IPL was from the anterior nuclei and
Paracentralis of the intralaminar group. Ventralis Lateralis
and oral Pulvinar projected primarily to the anterior-inferior
portion of the IPL, whereas Lateral Posterior projected most
strongly to the anterior and superior portion of the IPL and to
area 19. The projections of the inferior Pulvinar were heaviest
to area 19, but there was some overlap in the mid-superior
portion of the IPL with the medial and lateral Pulvinar. The
major projection from the posterior thalamic complex was to the
mid-{PL. - In addition to this retrograde HRP study, tritiated
amino acids were also injected in the same eight parts of the
IPL and the brains processed for autoradiography so that the
reciprocal anterograde connections of the IPL to the thalamus
could be compared to the HRP material. The heaviest projections
from the thalamus to the IPL were reciprocated by strong
projections from the IPL to the thalamus.

205 EFFECT OF DIMETHYL SULFOXIDE ON CEREBRAL INFARCTION IN THE MON-

GOLIAN GERBIL. Jerry W. Lawson and Charles P. McGraw, Dept. Neu.
Bowman Gray Sch. Med. Wake Forest Univ., Winston-Salem, NC 27103
Dimethyl sulfoxide (DMSO) has several characteristics that
should enable it to improve morbidity and mortality in acute cer-

ebral ischemia: 1) as a strong diuretic it should reduce blood
volume, intracranial pressure, and tissue edema, and 2) as a va-
sodilator it should improve cortical blood flow. DMSO has been
reported to be beneficial in the treatment of central nervous
system trauma, possibly due to its reported anti-inflammatory,
antiedemic, anticoagulate, diuretic, hypothermic, vasodilatory,
and respiratory stimulatory effects as well as to its ability to
correct membrane instability and penetrate the blood-brain barr-
ier, de la Torre and Surgeon reported that in rhesus monkeys sub-
jected to experimental cerebral infarction, DMSO-treated animals
had less brain damage and greater protection from the severe neu-
rological deficits seen in control animals.

Two hundred and thirty-four young adult Mongolian gerbils of

both sexes weighing 40 to 60 grams were divided into three groups:

Group 1 (180 animals operated on, one-half DMSO-treated and one-
half saline-treated); Group 2 (42 animals sham-operated on, one-
half DMSO-treated and one-half saline treated); and Group 3 (12
animals not operated on, DMSO-treated). The animals operated on
were anesthetized with either ether or ketamine. A ventral mid-
line cervical incision was made from the mental protuberance of
the mandible to the manubrium. The left common carotid artery
was located by blunt dissection, care being taken not to injure
the jugular vein or the adjacent nerves. In Group I animals, the
artery was doubly ligated with 5-0 monofilament nylon suture and
transected between the ligatures. Then, in all animals, the in-
cision was closed with 9-mm stainless steel autoclips. Each an-
imal was then given a l-ml intraperitoneal injection of 1% trypan
blue solution., In one-half of the animals in the two operated
groups and in all 12 control animals, 0.5 ml of DMSO solution was
injected intraperitoneally one hour post-ligation. Then, every
eight hours for 72 hours, either 5 or 2.5 gm/kg of DMSO solution
was injected intraperitoneally by a double-blind protocol. The
other half of the animals in the operated groups received saline
injections on the same treatment schedule. Clinical signs of
infarction were recorded. The accumulative probability of dying
was calculated.

DMSO had no significant effect on the number of infarctions,
mortality, or the extent of clinical morbidity. However, it did
significantly decrease (p 0.05) the amount of trypan blue stain-
ing in animals with infarction. A 10 percent incidence of drug
toxicity in animals receiving the higher dose was observed.

CEREBRAL CORTEX

204 VERBAL CROSS-CLUEING FOLLOWING CEREBRAL COMMISSUROTOMY.
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Santosh Kumar, Glenda M, Bogen® and Joseph E, Bogen. Rosge
Loos Medical Center, log Angeles, CA 90026 .

Fellowing complete cerebral commissurotomy for medically
intractable epilepsy (bopen & Vogel, 1962), behavior seems
normal in ordinary sacial situations and in routine neura-
logical examination (Bogen & Vogel, 1975). But specific
deficits can be demonstrated using special tests (Sperry,
Gazzaniga & Bogen, 1969); these include an inability te
retrieve correctly with one hand a test object originally
presented to the opposite hand, The disability for cross-
retrieval in spite of ellent same-hand retrieval demon-
strates both the capacity of each cerebral hemisphere to
function independently, and a lack of interhemispheric transfer
of discriminative information. Cross-retrieval from right
hand to left is improved if namin; out loud is permitted
during palpation with the right hand; this has been attributed
to the right hemisphere's ability to hear and cowmprehend spoken
werds. A recent, quantitative, systematic study affords com-
parisons between subjects for this verbal c¢ross-clueing
strategy and confirms its presence for a decade or more after
operation.

Sperry, R.W., Gazzaniga, M,S. & Bogen, J,E. (1969},
Interhemisgpheric relation pe: The neocortical commissures;
syndromes of hemisphere digconnection.

Handbook of Clinical Neurology 4:072-290,

Bogen, J.E., Vogel, F.J. (3962},

Cerebral commissurotomy in man.
Bull, Los Angetles Neurcl, Scc, 27:1692-172,

Bogen, J.E. & Vogel, ¥.J, (1975).

Neurologic status in the long-term follewing cerebral
commissurotomy. in Clinical Disconnection Syndromes,
and Michel, F. (eds.,). Hopital Neurol.; Lyon.

Schott B,

PREFRONTAL CORTICOFUGAL PROJECTIONS IN MACAQUE MONKEYS. George R.
Leichnetz, Juan Astruc and John T. Povlishock*, Department of
Anatomy, Medical College of Virginia, Health Sciences Division,
Virginia Commonwealth University, Richmond, Virginia 23298.
Anterograde degeneration studies using the Nauta and Fink-
Heimer silver techniques following unilateral partial ablations
of the medial prefrontal cortex (Area 9) in rhesus and cynomolgus
monkeys have led us to the conclusion that this region has
corticocortical projections to Area 6, superior temporal cortex
(Area 22), superior and inferior parietal cortices (Areas 5 and
7), prestriate area (Area 19), entorhinal area (4rea 28a) and,
via the cingulum bundle primarily, to the hippocampus (primarily
caudal CA3). This region gives rise to subcortical projections
to the corpus striatum, including the head of the caudate nucleus
(but also the vertical portion of the tail), although the putamen
is notably lacking in degeneration. The dorsal globus pallidus is
traversed by large numbers of degenerating fibers of passage,
some of which is suggestive of preterminal and terminal debris.
The basal and lateral amygdaloid nuclei likewise receive medial
prefrontal input. In the thalamus some preterminal degeneration
was present in the anterior nuclear complex, caudal MDpc, LD, LP
and to a much lesser extent in the pulvinar. The central lateral
and parafascicular nuclei contained moderate to heavy amounts
of degeneration. Brain stem projections were observed to the
pretectum and tectum, and the paramedian meseuncephalic reticular
formation (midbrain limbic area). Recent electron-microscopic
studies have provided evidence thus far confirming direct
prefronto~hippocampal and prefronto-amygdaloid projections.
EM verification of other prefrontal target areas is under way.
Likewise, current autoradiographic investigations have substan-
tiated in large measure the findings of the silver studies.
Supportive EM and autoradiographic evidence will be presented.
In addition, comparisons will be drawn to ongoing investigations
of the efferent connections of the dorsal and ventral convexity,
and the possible diversity of roles of the various prefrontal
subregions will be discussed. This study has been supported in
part by USPHS NB 08418 and A, D. Williams Research Grants.
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CLAUSTRUM TO FRONTAL CORTEX CONNECTIONS IN THE CAT, STUDIED BY
RETROGRADE TRANSPORT OF HORSERADISH PEROXIDASE (HRP). Alfonso
Llamas*, Carlos Avendano* and Fernando Reinoso-Suarez* (SPON:
D.A. Pasquier). Departamento de Morfologia, Facultad de
Medicina, Universidad Autonoma de Madrid, Spain.

The distribution of HRP labeled neurons in the claustrum has
been investigated as part of a broader study of the afferent con-
nections of the frontal cortex in the cat. ,

Nineteen adult cats were selected for this study. In 11 of
these animals 0.3 to 2.0 microliters of 30% aqueous solution of
HRP (Sigma VI) were injected in various parts of the prefrontal,
premotor and motor areas; the remaining eight cats received
injections in other regions of the cerebral cortex in order to
get a general view of the claustrum-cortical connections. After
the survival time of 36 to 50 hr. animals were perfused and pro-
cessed according to the method of Llamas and Martinez-Moreno
(An. Anat. 23: 431, 1974)

The results can be summarized as follows: 1) all the injec-
tions gave rise to labeled neurons in the dorsal (insular)
claustrum; 2) the ventral, or prepiriform claustrum, was always
free of labeled cells; 3) the more rostral and dorsal injec—
tions in the frontal cortex (dorsal part of gyrus proreus and
rostral part of gyrus sigmoideus anterior) labeled neurons in
the dorsal and rostralmost part of the claustrum; 4) the more
ventral and rostral injections in the medial surface of the
hemisphere gave rise to labeled neurons in the rostroventral ex-—
treme of the claustrum; 5) more caudal injections in the motor
cortex (including both banks of the sulcus cruciatus) labeled
cells in progressively more caudal sections of the claustrum,
always in its dorsal one half or ome third.

As a rule, more caudal injections in the cortex produce
labeling in more caudal locations in the claustrum; and dorsal
injections, both in the convexity and the medial surface,
produce labeling of the dorsal part of the claustrum. A ventral-
to-ventral topometry was also found in the convexity and in the
medial surface of the hemisphere.

(Supported by Grants from Rodriguez Pascual Foundation)

STUDIES ON CAUDATE NUCLEUS INHIBITION OF SEIZURE ACTIVITY IN THE
LIMBIC SYSTEM AND CEREBRAL CORTEX. R. J. Morgan, G. T.
Schneider® and C. C. Turbes. Colorado State University, Ft.
Collins, CO 80521 and Creighton School of Medicine, Omaha, NE
68178 U.S.A.

Multiunit and slow wave activity were recorded from extra-
cellular microelectrodes in the dorsal hippocampus and
amygdala in twenty-eight cats. The electroencephalogram was
recorded from the right and left frontal, parietal temporal and
occipital cerebral cortex. Three channels were recorded on an
F.M. tape recorder for further data analysis, The data was
processed with a Varian V-72 minicomputer. Channels were
sampled alternately at 2.5 ms and 120 data segments for each
channel of 2.56 seconds duration each. These data were
transformed using a Fast Fourier Transform algorithm to give a
power spectral estimate. Stimulating electrodes were located
in the left septal nucleus, stimulation produced after discharge
at cerebral cortex and the limbic system. Generalized seizures
were induced with pentylenetetrazol. Focal application of
penicillin to the cerebral cortex was used to produce a focal
seizure. Stimulation of the caudate resulted in inhibition of
septal afterdischarge and generalized seizure activity in the
cerebral cortex and the limbic system. Caudate stimulation
caused desynchronization of synchronized seizure activity
induced by local application of penicillin to the cerebral
cortex.
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TOPOGRAPHICAL ORGANIZATION OF THE THALAMIC PROJECTION FROM THE
MOTOR CORTEX OF THE RAT. L. C. Massopust, P. A, Young, and

C. J. Seliga*., Dept. Anat., St. Louis Univ. Sch. Med.,

St. Louis, MO 63104,

Considerable attention has been given to the convergence of
pallidal, cerebellar, and cortical projections in the ventral
tier thalamic nuclei of gyrencephalic animals. Similar studies
in lissencephalic animals such as the albino rat are meager.
Utilizing selective silver impregnation and autoradiographic
techniques, electrolytic lesions or injections of tritiated amino
acids were made at 4 predetermined sites in the motor cortex as
localized in the physiological maps of Hall and Lindholm (1967).
From the anterior two sites, degenerating or labelled fibers
entered the white matter, coursed through the caudate-putamen
complex and internal capsule, and then penetrated the dorso-
lateral aspect of the anterior part of the thalamus. Terminal
areas were seen in the reticular, ventral anterior, and intra-
laminar (IL) nuclei. More posteriorly, terminal areas were
concentrated in the IL, in the dorsomedial part of the ventral
dorsal nucleus (VD), in the dorsolateral part of the ventral
medial nucleus (VM), and along the extreme lateral border of the
medial dorsal nucleus (MD). From the posterior intermediate
site, corticothalamic terminal areas were observed in the reti-
cular, IL, and along the lateral border of the ventral lateral
nucleus (VL). Further posteriorly, terminations formed a sharply
localized "comma-shaped" area near the ventromedial border of the
VL. Lesions or injections in the most posterior part of the
motor cortex exhibited projections and terminations similar to
the posterior intermediate except that the comma-shaped terminal
area was located more laterally and dorsally in the VL. Because
of these comnections with the VL it is postulated that the
posteromedial part of the cortical area described by Hall and
Lindholm is the primary motor area (area 4). Since the anterior
part of this cortical area projects largely to the IL, VD, and
VM, it may correspond to the premotor cortex (area 6). Other
investigations in our laboratory show that somatosensory corti-
cal, pallidal, and cerebellar projections terminate topographi-
cally in the ventral tier nuclei and intralaminar areas, thus
showing an organization similar to that in higher mammals.
(Supported in part by USPHS FR 05388.)

VARTATIONS IN THE FISSURAL PATTERN OF THE CEREBRAL NEOCORTEX OF
THE SPIDER MONKEY (ATELES). Benjamin H. Pubols Jr. and Lillian
M. Pubols. Dept. of Anatomy, College of Medicine, Pennsylvania
State University, Hershey, PA, and Dept. of Anatomy, Medical
College of Pennsylvania, Philadelphia, PA.

The existence of variations in the fissural pattern of the
neocortex of primate brain specimens has been recognized for
well over 100 years (Gratiolet, 1854; Huxley, 1861). Since then,
a number of observers have described the external features of
the neocortex of Ateles, but little attention has been paid
specifically to the question of interhemispheric variability,
either between or within specimens of the same genus.

The present report is an attempt to characterize and cate-
gorize 40 hemispheres of 22 specimens of Ateles acquired during
the course of a series of previously published investigations of
the somatic sensory system of this species. The fissural pat-
terns of the dorsolateral neocortical surface have been classi-
fied according to certain salient features illustrated below.

Fig. 1 illustrates a synthetic "typical hemisphere (left
dorsolateral view), in which (1) the caudal spur of the inferior
precentral sulcus (pci) comes to within 5 mm of, but is discon-
tinuous with the base of the central sulcus (c) (68% of cases),
(2) the superior (pcs) and middle (pcm) precentral sulci are
discontinuous (83% of cases), (3) the transparietal (tps) and
superior postcentral (pts) sulci are discontinuous (65% of
cases), and (4) there is no true superior frontal sulcus (fs)
(407% of cases). Fig. 2, also synthetic, illustrates a few of
the variations on this patterm: (1) pci and ¢ are continuous,
(2) pcs and pem are-united to form a single sulcus, (3) a trans-
versely oriented fs is present, and (4) tps extends anteriorly
across the postcentral gyrus to separate regions of representa-
tion of arm and leg, as defined by electrophysiological studies
(Pubols and Pubols, 1971). Three other hemispheres also showed
such somatotopically related transverse fissures, in either
precentral motor, or postcentral sensory cortex. In still other
hemispheres, tps and pts joined to form a triradiate sulcus.
Interhemispheric variability was as pronounced within as between
specimens.

Fig. 1 Fig. 2
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SOME OBSERVATIONS ON LAMINAR ORIGINS AKD TERMINATIONS OF OCCIPITO
TEMPORAL CORTICAL CONNECTIONS IN RHESUS MONKEY. K.S. Rockland*
and D.N. Pandya. Dept. Anat., Boston Univ. Sch. Med., Boston, Ma.
Heurological Unit, Beth Israel Hosp.; Bedford V.A. Hosp.

Laminar origins and terminations of cortico-cortical connec-
tions were studied using anterograde (tritiated amino acids) and
retrograde (horseradish peroxidase) transport methods. In general
four differential patterns of laminar connectivity could be
identified. 1) In sequential forward connections, axon terminals
were observed mainly around layer IV. The cells of origin of
these sequential projections were localized primarily in the
supragranular layers, with some degree of variability in dif-
ferent architectonic areas. Thus, pyramidal cells of L. IIIa,b
of area 17 (a few in L. IIIc) projected around L. IV of area 18;
neurons of L. IIIc,b of area 18 (a few in L. IITIa and infragran-
ular layers) projected around L. IV of area 19; and, conforming
to the supragranular trend, cells in L. IIIb,c of area 19 (some
in L. IIIa and infragranular) sent terminals rostrally to L. IV
of inferotemporal cortex (area 21). 2) Each of these areas (i.e.
areas 18, 19, 21) also projected caudally to the immediately
adjoining region. Terminations in this instance, however, were
confined primarily to the plexiform layer. Unlike the supragran-—
ular preference of rostrally directed projections, the cells of
origin of these caudally directed projections were generally
found in both supra- and infragranular layers, with some inter-
regional variability. Thus, L. I of area 19 received projections
from both areas 21 and 20 (area TF of Bonin and Bailey). The
cells of origin of the first-layer projection from area 21 were
found in both supra- and infragranular layers (in Ls.IIIa,b and
Vb,VI), while neurons in area TF occurred almost exclusively in
infragranular layers. The L. I projection from area 19 to area
18 originated from pyramidal cells in both supra- and infragran-
ular layers (Ls.IIIb,a and V,VI). 3) Laminar origins and termi-
nations of intra-regional projections varied widely. In the
anterograde direction, local area 17 projections ended in Ls. I
and V, with some terminals in L. IIIc, while in areas 18 and 19,
these were limited to L. I. Distant intra-19 projections (from
preoccipital gyrus to lunate, superior temporal, intraparietal,
occipito-temporal sulci) predominantly terminated in Ls. I to IV.
4) Neurons giving rise to callosal connections occurred in L.IIIL:
large pyramids in L. IIIc of juxtastriate cortex, and medium to
large neurons in L. IIIc,b of area 21. Thus, sublaminar special-
ization within layer III may be occurring, since layer III
neurons are also involved in both rostrally (L. IIIc,b) and
caudally (L. IIIa,b) directed cortico-cortical connections.

(Supported by Training Grant 5TOI GMO1979,NIH Grant HS09211,

and V.A. Research Project 6901.)

DESCENDING PROJECTIONS TO THE REGION OF THE GIGANTOCELLULAR
TEGMENTAL FIELD OF THE MEDULLA OBLONGATA. Jerome Siegel,
Patricia M. Saxton* and Timothy Hageman*. Tnst. for Neuroscience
and Behavior, Univ. of Delaware, Newark, DE 19711.

The gigantocellular tegmental field (FTG) of the medulla exerts
inhibitory influences in both ascending and descending directions
(Brodal, Neurological Anatomy, 1969; Mancia et al., Brain Res. 25,
1971, 638). There is evidence that inhibition produced by stimu-
lation to some forebrain structures is mediated by this bulbar
inhibitory area (Sauerland et al., Brain Res. 6, 1967, 164).

This study was undertaken to identify those regions in the rostral
parts of the brain which have direct projections to the bulbar
reticular formation. In rats and cats HRP was injected into the
bulbar brain stem in the area of the FTG. In all animals it was
found that cortical cells which project to the bulbar brain stem
are 1imited to the frontal region. In the cat these areas are
precruciate-anterior sigmoid, coronal and proreus gyri (areas 6
and 8). In the rat labeled cells were found in the frontal lat-
eral dorsal cortex (area 2). In both species the HRP positive
cells were located bilaterally in clusters of 3 -15 cells and
were always limited to the deep layers of the cortex. It is
striking that the only cells in the cerebral cortex in the cat
which project to the bulbar area are totally included within
cortical areas that have been demonstrated to exert inhibitory
influences upon behavior (Wilcott and Sabol, Neuropsychol. 15,
1977, 155).

Cells in the central nucleus of the ipsilateral amygdala were
labeled in animals in which the HRP injection site included the
central-lateral bulbar brain stem. This confirms the report by
Hopkins (Neurosci. Lett. 1, 1975, 263). The amygdaloid pro-
jection was much more evident in rats than in cats. Only one
cat (with the largest HRP injection: 1 ul) showed some labeled
cells in the amygdala and the ventral part of the mesodience-
phalic junction, while all rats had the amygdaloid label and
also exhibited two discrete clusters of labeled cells in the
hypothalamus. One was a periventricular dorsal group with a
medial-Tateral distribution of cells. More caudally there was a
ventral tier of cells above the mammillary complex.

At the level of the midbrain all animals showed a prominent
label in the deep layers of the contralateral superior colliculus.
In addition, cells in the oculomotor complex and surrounding
central gray and the reticular formation at all brain stem levels
were clearly labeled. The most caudal cells,which were labeled
by axoplasmic transport rather than by direct filling, were
located in the contralateral vestibular complex.

(Supported by NSF Grant BN 76-01652.)
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MEDIAL PREFRONTAL CORTEX AND BEHAVIOR OF DOGS.
E. Rosenkilde and Waclawa Lawicka*.
logy,
land.

A group of mongrel dogs was trained on a go-left/go-right
time discrimination task involving 10 and 30 sec of bodily re-
straint. Another group learned a spatial delayed alternation
task in which the animals were restrained during the delays.
The effects oi two selective prefrontal ablations were evalu-
ated in retention of these tasks. A dorsal lesion comprised
the proreal gyrus, while a medial lesion involved the precru-
ciate area but spared the anteromedial field.

Normal dogs showed systematic bodily orientation during
the periods of restraint in both situations. No behavioral
changes resulted from dorsal prefrontal lesions, but medial da-
mage disturbed positional mediation and instrumental choice in
time discrimination as well as in delayed alternation. These
deficits are unrelated to the delayed response impairment which
previously has been reported after dorsal but not medial le-
sions. Interference with spatial responding based on kines-
thetic cues may account for the present effects of medial pre-
frontal damage.

(Supported by Project 09.4.1 of the Polish Academy of Sci-
ences and by Foreign Research Agreement 05.275.2 of the U.S.
Department of Health, Education and Welfare under PL 480).

Carl
Dept. of Neurophysio-

Nencki Institute of Experimental Biology, Warsaw, Po-

VASCULAR RESPONSE AND LEVEL OF OXIDATION OF CYTOCHROME E)%3 IN
ASTROCYTOMAS IN SITU. A. Sylvia, M. Rosenthal, D. Bigner” and
G. Somjen, Dept. of Physiology and Pharmacology and Microbiology,
Duke University Medical Center. Durham, N.C. 27710

Tumors were indiced by inoculating either cerebral cortex or
subcutaneous tissue of rats with a suspension of the cultured
pure astrocytoma cell line RG 2 developed by Dr. W. Wechsler.
Four to six days later, the rats were anesthetized with pento-
barbital, and the tumor exposed by opening the skull but not the
dura. Dual wavelength reflectance spectrophotometry was used to
record changes in the redox ratio of cytochrome a,a3 (605-
590 nm), the oxygenation level of hemoglobin (577-585 nm) and
the relative volume of blood in an area approximately 3 mm in
diameter and 1 mm in depth in intact cortical tissue in situ.
The rats were immobilized with tubocurare and, in the control
state, ventilated with 30% Oy and 70% N2. Addition of COp to
the inspired gas mixture caused vasodilatation in the glioma in
the brain, but not when the glioma was located in subcutaneous
tissue. This indicates that vessels invading the tumor retain
the regulatory responses typical of the body region, and do not
acquire those typical of the tissue of origin of the neoplastic
cells. In addition, rhythmic vasomotion was a regular finding
in the gliomas in skin but not in brain. The redox ratio of
cytochrome a,a3 in the unstimulated, unperturbed control state
was compared to that during breathing 100% 02 and 100% Nj.
Unlike normal cerebral tissue in which cytochrome a,a3 is at
least 30% reduced in the unstimulated state, in astrocytoma
tissue reduction levels varied from 0 to 15% regardless of
whether the glioma was located in skin or brain. The 30% or
greater reduction levels were found not only in the cortex of
normal control rats, but also in the untreated hemisphere of
inoculated rats, and also in normal cortex adjacent to the tumor
on the inoculated side. 1In having nearly fully oxidized cyto-
chrome a,as, the mitochondria of astrocytoma cells resemble
isolated mitochondria, and differ from those of cells in non-
neoplastic brain tissue in situ. It may be that the neoplastic
cells lack a regulatory or control function typical of normal
brain cells. Alternatively, the values measured in normal
brain may be intermediate between neuron and glial population,
and the astrocytoma cells may reflect the normal state of glia.
(Supported by grants CA 20862, AG 00517, ¥WS 11933, NS 13319).




SOCIETY FOR NEUROSCIENCE

215 PULVINAR AND OTHER CAUDAL THALAMIC AFFERENTS TO SUPERIOR TEMPORAL

GYRUS IN THE RHESUS MONKEY. John Q. Trojanowski, Dept. of
In five juvenile rhesus monkeys, using the horseradish

peroxidase (HRP) technique, pulvinar and other caudal thalamic
afferents to the superior temporal gyrus (STG) were examined.
As in a similar series of experiments in the squirrel monkey
(Brain Res., 85:346-353) the HRP was combined with tritiated
amino acids for later study of the efferents of STG. In the
five animals, unilateral injections of the tracers were made such
that the injection sites in total involved the entire length of
STG. The material was processed in the usual manner to reveal
HRP labeled neurons and the location of these neurons was
charted with an x-y pantograph. The HRP results in the Rhesus
monkey accord well with those previously described in the
squirrel monkey (Brain Res., 85:347-353). As far as the pulvinar
is concerned, the anterior third of STG primarily receives
projections from the caudal part of the ventromedial portions of
medial pulvinar nucleus while the posterior third of STG
receives projections both from the medial and lateral pulvinar
nuclei. The middle third of STG, into which secondary auditory
cortex extends, receives the bulk of its input from the medial
geniculate nucleus rather than from the pulvinar. As noted in
the squirrel monkey study, several other caudal thalamic nuclei
were found to project to STG as well, i.e., the medial dorsal
and suprageniculate nuclei and nucleus limitans. Thus in the
Rhesus monkey as in the squirrel monkey, it is the pulvinar
nucleus in caudal thalamus which is the primary source of input
to STG exclusive of the primary and secondary auditory areas.
The relationship of pulvinar to STG is topographical and
paralleled by less well organized projections from other caudal
thalamic nuclei.

217 SELECTIVE INHIBITION OF SOME WIDE-FIELD SENSORIMOTOR CORTEX NEU-
RONS BY HIGH-INTENSITY SKIN STIMULI. C.F. Tyner and M.G. Miller*.
Dept. Neurosciences, Walter Reed Army Inst. Res., Wash. DC 20012.

We studied single neurons extracellularly in forepaw postcru-
ciate (4¥) cortex in chloralose-anesthetized cats and held arter-
ial blood gas levels normal. We found cells by serially shocking
the four limbs' central footpads (needle electrodes, 30 milliamp
(ma)(13.5 v), 0.1 msec, 1/sec) during microelectrode advance.
Prior study of this tissue (Towe, et.al., Exp. Neurol., 50, 734,
1976) has emphasized two neuron populations: sa cells (super-
ficial, contralateral forelimb (CF?

receptive fields, mostly
touch sensitive, few pyramidal tract (PT) axons); and m cells
(deeper, whole-body receptive fields, mostly hair sensitive, pro-
viding most PT axons).

We placed most neurons from our sample (n=170 to date) into
the sa/m classification, but found about 13% of cells in this
tissue unresponsive to 30 ma CF shock although responsive to
other stimuli. Most of these i neurons, about 10% of the total
sample, responded to stimulation of ipsilateral and hindlimb
footpads, contralateral forelimb shoulder, and both splanchnic
nerves: they thus closely resemble m neurons. Further study show-
ed nearly all wide-field i cells responsive to Tow-intensity CF
shock with thresholds similar to those of m cells (1.0-4.5 ma);
but unlike m cells they ceased responding to CF shock at inten-
sities above 8-15 ma.

Single-blind shock stimulation of the experimenters' skin (in-
tradermal needles, 0.1 msec, 1/sec) showed sensory thresholds of
about 0.9 ma (0.4 v) with a transition from moderately irritating
to clearly painful sensations in the 6-14 ma (2.7-6.3 v) range;
from comparing these results with those of Collins, et.al. (Arch.
Neurol., 3, 381, 1960), we infer that A-delta but not C fibers
are probably recruited over the 6-14 ma span.

Most m neurons in this tissue show unexpected behavior follow-
ing CF stimulation, perhaps due to modulation by nearby sa cells
(Towe, et.al., 1976). We envision the wide-field i cells as.a
significant subset of the m population -- perhaps as large as 20%
-- which receives potent inhibition following intense stimula-
tion of the topographic skin focus, and believe their behavior
may represent the modulation of corticofugal activity by painful
stimuli.
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ORGANIZATION OF THE PRIMATE AND HUMAN CEREBRAL CORTEX STUDIED
WITH THE DIRECT CORTICAL RESPONSE. John Turner*, Christer
Lindquist*, and Robert G. Grossman. Depts. Neurosurg., Inst.
of Neurol. Sci., Glasgow, and Univ. Texas Medical Branch,
Galveston, TX. 77550.

The organization of cortical cytoarchitectonic areas was
studied with the direct cortical response (DCR) in 27 baboons
and subsequently in 30 adult patients who underwent electro-
cortical mapping to localize functional areas of the cortex as
a guide to neurosurgical procedures. The DCR of the primate
and human cortex is considerably more complex than that of
lower mammals. The fully developed DCR is a mosaic consisting
of a series of potentials that have different thresholds,
latencies and spatial distributions. The amplitudes and
latencies of the potentials are a function of the gyrus studied,
stimulus-recording distance, and stimulus intensity. When
studied at S-R distances of 6-9 mm, the fully developed DCR
consists of a positive wave (P}) occupying the initial 4 msec
after the stimulus, a biphasic negative wave (Nj,, Njp) with
peaks at 8 and 16 msec in the baboon and 12 and 25 msec in the
human, a large positive potential (Pj) with a peak at 40-60 msec,
and a late slow negative wave with a peak at 125-150 msec.
Differences in the organization of eulaminate, agranular and
koniocortices are revealed by the DCR. The morphology of the
response is simplest in the frontal eulaminate cortex, where
P; is small or absent, N; is prominent, the distinction between
Nj, and b is not marked, and P) is not prominent. The agranular
motor cortex can be identified by a series of 1.5 msec duration
notched waves riding on P; (a,b,c). The somatosensory konio-
cortex can be identified by a more complex series of wavelets
inscribed on the P; wave. The visual cortex also has a complex
P) morphology that is not present in the surrounding parietal
cortex. On the basis of differential sensitivity to ischemia
Ny > Pp > P1) and strength-duration, conditioning-testing,
and field potential analysis we tentatively assign the origin
of N} a and b to EPSPs in elements in the upper cortex; P, to
IPSPs in elements in the upper cortex, and P] to EPSPs in
deeper elements. The early portion of P, contributes to the
total amplitude of the early Pj positivity. Pj, a,b,c, may be
presynaptic fiber responses. The DCR can be used clinically
for identifying cortical gyri, and DCR morphology and inter-
action with spontaneous potentials provides a tool for studying
cortical organization.

BRAINSTEM PROJECTIONS TO CEREBRAL CORTEX IN WATER SNAKES. Philip
S. Ulinski. Dept. Anat., Univ. Chicago, Chicago, IL 60637.

It is now well established.that several brainstem structures
project to the cerebral “cortex in mammals. However, comparable
projections in reptiles have received less attention. The pos-
sible existence of brainstem projections in banded water snakes
(Natrix sipedon) was investigated following unilateral transec-
tions of the midbrain designed to interrupt all ascending fiber
systems. Animals survived for seven to 28 days and their brains
were then prepared by the Fink-Heimer procedure. The experiments
demonstrate a large contingent of axons which reach the forebrain
via the medial forebrain bundle. A minority of the fibers decus-
sate over the anterior commissure. They run along the medial
surface of the septum on both sides of the brain and gain access
to the cortex through the alveus. They pass through medial cortex
(Ulinski, 1974, J. Comp. Neur., 158: 243) and begin to slant up-
wards as they approach the medial edge of dorsomedial cortex (DM).
They pass through layer 2 of DM and turn to run in the inner two
thirds of layer 1 of DM. They, therefore, occupy the same region
of cortex as commissural afferents from the contralateral DM and
are positioned to intersect both layer 1 cells and the ascending
dendrites of layer 2 cells. Some of the axons proceed through DM
and reach layers 2 and 3 in the medial part of dorsal cortex. The
projection reaches the full rostrocaudal extent of DM. Brainstem
afferents are thick, smooth axons which do not resemble in their
morphology the catecholaminergic fibers described in the cortex
of turtles (Parent and Poitras, 1974, Brain Res., 78: 345) and
lizards (Baumgarten and Braak, 1968, Z. Zellforsch., 86: 574).
The precise origin of these cortical afferents is, unfortunately,
not yet known. (Supported by PHS Grant NS 12518).
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219 LIGHT SENSITIVE NEURONS IN THE INFERIOR PARIETAL CORTEX OF THE
RHESUS MONKEY. Tom C.T. Yin and Vernon B. Mountcastle. Dept.
Physiology, Johns Hopkins University, Baltimore, MD. 21205

Studies of single neurons in the parietal cortex of alert
monkeys suggest that there exists within area 7 a neural mecha-
nism for the direction of visual attention. Classes of visuo-
motor cells related to fixation, visually-evoked saccades, and
smooth pursuit eye movements were identified. These cells are
neither sensory nor motor in the usual sense. We have now
studied a new class of neurons in area 7 which is sensitive to
visual stimuli. They have large, contralateral receptive fields
which sometimes extend past the midline but never include the
fovea. Two subclasses have some functional properties that
differ. Those of the larger subclass discharge at shorter
latencies (79 + 6 msec), subtend larger receptive fields with
maximal activity evoked by stimuli at their peripheral rims,
and discharge tonically during maintained visual stimulation;
their discharge is not enhanced when the animal saccades to
the stimulating light. Those of the smaller subclass respond at
longer and more variable latencies (116 + 26 msec), may subtend
smaller receptive fields, and respond to the onset of a main-
tained visual stimulus with a phasic discharge which may be
enhanced if the animal saccades to the test light. Cells of
either subclass are sensitive to moving stimuli and may be
directionally sensitive as well.

Light sensitive parietal cells differ from the saccade visuo-
motor cells: (1) the saccade cells do not respond to our test
light (a light-emitting diode, A = 660 nm); (2) many saccade
cells discharge differently when saccades of the same amplitude
and direction are made in different positions in the field.
Visual fixation cells are not sensitive to the light stimuli,
per se, for over 90% of them have restricted gaze fields; i.e.
they are activated only when the animal fixates the light in a
restricted zone of the visual field.

Saccade cells discharge, on average, 126 + 39 msec after light
onset and 73 + 39 msec before eye movement. Thus, the light
sensitive cells discharge well-before the saccade cells, which
suggests that the former may provide the afferent input signals
to the visuomotor neurons of area 7. Moreover, they are maxi-
mally sensitive to the appearance of novel objects in the far
peripheral edges of the visual fields. Their properties suggest
that the light sensitive cells are driven by signals reaching
them via the retino-collicular branch of the visual system.
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James C. Boudreau and Joseph Qravec*.

THE FLAVOR CHEMISTRY OF CAT FUJRIFORY PAPILLAE TASTE SYSTEMS.
Sensory Sciences Center,

University of Texas at Houston, 77030.

The properties of fungiform papillae taste systems were inves-
tigated by recording single unit pulse potentials from single
neurons in the geniculate ganglion. These neurons were found to
be responsive to a wide variety of water soluble compounds nat-
urally present in vertebrate tissues, such as inorganic ions and
a wide variety of nitrogen and nitrogen-sulfur compounds, includ-
ing nucleotides. Among the salts, phosphate compounds and CaClp
are particularly stimulatory. Certain amino acids (L-cysteine,
L-proline, L-lysine, L-histidine) and peptides (e.g., carnosine),
are highly stimulatory as are the di- and tri- phosphate nucleo-
tides. Nitrogen heterocyclic rings with pKa values greater than
5.0 are often associated with prominent stimuli. Unresponsive-
ness or inhibition is associated with anionic groups, aromaticity
hydrophobicity, amine groups with Tow pKa values and most non-
acidic oxygen compounds. The chemoresponsive neurons of the
geniculate ganglion are divisible into three distinct functional
groups with differing fiber diameters. These groups are selec-
tively responsive to different chemical aspects of food solu-
tions, with two of the unit groups being highly responsive to
selected nitrogen compounds. Both unit groups I and II maximally
respond to 5 and 6 member ring N heterocycles, but their re-
sponse could be differentiated in terms of the Pka of the active
group and the effect of ring substituents. Group IIT unit
stimuli are less well defined but Targe responses may be obtained
to nucleotides at concentration levels at or below those commonly
found in animal tissues. This work supported in part by NSF
Research Grants.

ENHANCEMENT OF TASTE RECEPTOR BINDING BY EXPOSURE TO HIGH STIMULUS
CONCENTRATION. Robert H. Cagan, Veterans Administration Hosp., and
Monell Chemical Senses Center, U. of Pa., Philadelphia, PA 19104

A sedimentable fraction (P2) containing plasma membranes from
the taste epithelium of catfish (Ietalurus punctatus) barbels was
shown to bind L-[3H]alanine [Krueger and Cagan, J. Biol. Chem.
251: 88-97 (1976)]. L-Alanine is among the amino acids shown
electrophysiologically to be stimulatory to the catfish taste
system [Caprio, Comp. Bioch. Physiol. 52A: 247-251 (1975)]. Our
previous procedure, which employed the taste epithelium from only
the barbels, has been extended in the present work to include the
taste epithelium from the rostral, dorsal and dorsolateral sur-
faces of the fish. Previously this was difficult because of
excessive mucus secreted on the body surface. It is now made
possible either by intramuscular injection of atropine or by rapid
sacrifice of the fish, which helps avoid the mucus contamination.
Alanine-binding activity is enriched about 10-fold in Fraction P2
compared with the whole homogenate. Recovery of the binding
activity in this fraction is essentially quantitative. By using
the additional taste tissue noted as well as that of barbels, the
yield (mg protein) of Fraction P2 is increased by around 10-fold.

The present results show an increase in the amount of L—[3H]
alanine bound to Fraction P2 after its prior exposure in vitro to
a high concentration of L-alanine. Previously we noted (Krueger
and Cagan, op. cit.) the loss of binding activity of Fraction P2
upon storage at -65°C. It is now demonstrated that similar storage
of Fraction P2 in a high concentration of ligand (10 mM L-alanine,
unlabeled) results in a substantial increase of binding (5 to
7-fold). Binding is measured after removal of the storage-
L-alanine by centrifugation and washing Fraction P2 twice with
buffer. The enhancement is not contingent upon freezing the
preparation; it occurs, for example, by exposure to 10 mM
L-alanine for 30 min on ice. Prior exposure to D-alanine causes
enhancement but to a lesser extent; it is also a less effective
electrophysiological stimulus (Caprio, op. cit.).

The results could indicate the presence of "hidden™” receptor
sites, possibly as a consequence of the isolation procedure or
possibly existing in vZvo. It is postulated that some of the
receptor macromolecules are readily accessible to ligand and
others are localized within the cell membrane such that they
become accessible upon perturbation of the membrane structure due
to a high ligand concentration. (Supported in part by NIH
Research Grant NS-08775 from NINCDS.)
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LIGHT AND ELECTRON MICROSCOPIC LOCALIZATION OF ACETYLCHOLINESTER-
ASE IN THE MAIN AND ACCESSORY OLFACTORY BULBS OF THE MOUSE. Gail
D. Burd*, Keith A. Carson and Jacob S. Hanker (Spon: A. Rustioni)
The Dental Research Center and Neurobiology Program, University of
North Carolina, Chapel Hil1l, N.C. 27514.

Light microscopic enzyme histochemical and electron microscopic
morphological studies have previously demonstrated both the dis-
crete laminar organization of the acetylcholinesterase (AChE)-
positive fibers and the ultrastructural features of the layers of
the main olfactory bulb (MOB). Our studies utilized catalytic
osmiophilic polymer generation to demonstrate the fine structural
localization of AChE in both olfactory bulbs.

In light microscopic studies of the MOB, dense areas of stained
fibers and terminals were observed adjacent to the mitral cell
layer (MCL) and in the periglomerular region (PGR). Sparse fiber
staining was present in the granule cell layer (GCL). A band of
stained fibers ran in the plane of section (coronal) subjacent
and concentric to the MCL. Groups of stained fibers were also
observed near the apical pole of the cells of the MCL. In the
PGR densely stained fibers outlined individual glomeruli.
Throughout the MOB, cell body staining was negligible. Ultrastruc-
turally, stained fibers in all locations had similar morphology.
They were small, about 0.5u, and unmyelinated. The stain was
Tocated on the axolemma and in the adjacent extracellular space.
Frequently Targer processes, presumably dendrites, apposed to the
stained fibers also had stained plasma membranes. In the GCL,
stained fibers appeared among groups of unstained fibers as well
as near granule cell perikarya. Groups of stained fibers in the
external plexiform layer(EPL) were observed near proximal den-
drites. Profiles of stained fibers circumscribed individual
glomeruli and, often, stained fibers were closely associated with
nerve cells in the PGR. Stained fibers did not appear to be
localized near one specific nerve cell type, but instead they
were in close proximity to all three types.

The accessory olfactory bulb (AOB) had a different staining
pattern. 1In contrast to the MOB, the glomerular layer of the AOB
contained few, if any, AChE-positive fibers. The EPL had a small
number of stained fibers, while many more were found subjacent to
the MCL and in the GCL. Ultrastructurally, the stained fibers
were very similar to those of the MOB.

The absence of AChE-positive neurons in the MOB and AOB indi-
cates that the stained processes are extrinsic afferents. AChE
positive perikarya have been found in the horizontal 1imb of the
nucleus of the diagonal band, far lateral preoptic area, rostral
lateral hypothalamus and the corticomedial complex of the amyg-
dala. These areas have been suggested to contribute some of the
centrifugal fibers to the olfactory bulbs. Supported by NIH
grants DE 02668, DE 00288, MH 14277, HL 15888 and RR 05333.

RESPONSES OF HAMSTER RECEPTOR NEURONS TO CONTROLLED ODOR STIMU-
LATION. Richard M. Costanzo and Robert J. O'Connell®, The
Rockefeller University, New York, N. Y. 10021,

Selection of appropriate test odorants and precise control
over their purity, concentration, and waveform are critical
components to an adequate study of quality coding in the ol-
factory system. Although it is usually assumed that most
mammals respond to a range of different odor qualities, the
selection of a particular test odorant is often arbitrary and
unrelated to those compounds normally discriminated by the exper-
imental animal. Recent work in this laboratory has led to the
isolation and identification of several biological odorants from
estrous hamster vaginal discharge. This material contains com-
pounds which normally elicit strong behavioral responses in the
male (pheromones). Since the olfactory input for these behav-
iors must be initially processed by the receptors, it is con-
ceivable that at least some receptor neurons might be more
selective in their response to behaviorally active compounds.
Seven compounds (chemical purity 99%) were selected for study.
Three of these, n-amyl acetate, ethyl acetate, and ethyl iso-
butyrate, are traditional odors not found in vaginal discharge.
The remaining compounds, dimethyl disulfide, n-butanol, n-
hexanol, and ethyl n-butyrate, are found in vaginal discharge;
and one, dimethyl disulfide, is a powerful behavioral attractant
for the male. An improved flow dilution olfactometer was
constructed which included high efficiency odor saturators
(teflon packed glass columns), a teflon mixing chamber, and a
rotary sample valve for on-line injection of odor stimuli.
Quantitative calibrations of both the stimulus concentrations
and waveforms produced by the olfactometer were made using a
flame ionization detector.

Odor stimuli were delivered to the exposed olfactory mucosa
and extracellular responses recorded with metal microelectrodes.
Most of the units studied to date are responsive to all odor-
ants; however, the relative sensitivity to these compounds
varies from neuron to neuron. The concentration-response
functions for a typical odorant usually encompass 1-2 log units
of concentration while individual thresholds for different com-
pounds range from 3.16 x 107 to 1.0 x 10-% molar. We have yet
to observe a neuron exclusively sensitive to one odor. (Sup-
ported by NIH Grant NS 08902.)
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EFFERENTS AND CENTRIFUGAL AFFERENTS OF THE HAMSTER OLFACTORY BULB.
B.Davis, F.Macrides, W.Youngs* and S.Schneider*. The Worcester
Foundation for Experimental Biology, Shrewsbury, MA 01545.

The efferents and centrifugal afferents of the main olfactory
bulb (MOB) were studied in the hamster using orthograde and retro-
grade tracing techniques. Following injections of tritiated amino
acids which were restricted to the MOB, autoradiographic grains
were observed ipsilaterally in layer IA of the entire anterior ol-
factory nucleus (AON), the so-called anterior continuation of the
hippocampal rudiment, the entire rostrocaudal extent of the pre-
pyriform cortex and olfactory tubercle, the anterior and postero-
lateral cortical amygdaloid nuclei and the lateral entorhinal cor-
tex., No subcortical or contralateral projections were observed.
Following injections of HRP which were restricted to the MOB, con-
tralateral HRP-positive cells were identified only in pars exter-
na, dorsalis, lateralis, ventralis and posterior of the AON. More
heavy labelling and a wider distribution of labelled cells were
observed ipsilateral to the injected MOB. HRP-positive cells were
found throughout the AON, in the anterior continuation of the hip-
pocampal rudiment and in the anterior portion of the prepyriform
cortex. No labelled cells were found in the olfactory tubercle,
cortical amygdaloid nuclei or entorhinal cortex. HRP-positive
cells were also observed ipsilaterally in subcortical structures
of the basal forebrain and bilaterally in the midbrain. Labelling
was observed in the fusiform cells of the diagonal band near the
medial base of the forebrain at the level of caudal olfactory tu-—
bercle. Heavy labelling was seen in a distinct group of large,
predominantly multipolar cells ("nucleus of the horizontal limb of
the diagonal band" or "magnocellular preoptic area'") that contin-
ued from the level of caudal olfactory tubercle to the level of
the nucleus of the lateral olfactory tract. This band of HRP-pos-
itive cells could be followed more caudally to a position dorsal
and medial to the nucleus of the lateral olfactory tract at the
lateral margin of the lateral anterior hypothalamic area. Well-
defined, isolated cells were found in the dorsal and median raphe
nuclei, and on rare occasions in the locus coeruleus. The finding
that the anterior continuation of the hippocampal rudiment is re-
ciprocally connected with the ipsilateral MOB suggests that it may
be grouped with the AON and anterior prepyriform cortex as struc—
tures which exert cortico-cortical influences on MOB function.

The observed projections from the subcortical forebrain and mid-
brain may mediate limbic-hypothalamic influences on MOB function.
(Supported by NINCDS grant NS12344 and NSF grant BNS75-07652)

TRANSMISSION WITHIN OLFACTORY RECEPTORS.
R. C. Gesteland, J. A. Weier*, G. D. Adamek* and R. A. Yancey*.
Northwestern Univ. Dept. of Biol. Sci., Evanston, IL 60201.
Current pulses injected intracellularly in mud puppy olfactory
receptor neurons evoke action potentials when they depolarize the
soma membrane as little as 1 mv. These neurons, like olfactory
receptors in other vertebrates, fire spontaneously and irregularly
in the absence of stimulation. Low intensity odorous stimulation
commonly acts by adding additional impulses without changing the
slow burst patterns of the spontaneous activity. Thus these cells
apparently achieve high sensitivity by being poised close to a
noisy threshold. It would be expected that more intense stimula-
tion would evoke large depolarizations and a regular-interval,
rapid action potential rate. However, intracellular records from
the soma region, the only portion of the cell large enough to
sustain penetration, do not support this. The maximum depolariza-
tion recorded with highest achievable stimulus concentrations is a
few mv. Most stimuli presented at intensities sufficient to in-
crease spike rate evoke soma depolarizations too small to be dis-
tinguished from noise. Further, while penetration-evoked soma de-
polarization results in action potentials of 60 mv, naturally-
occurring ones never have amplitudes greater than 10 mv. Thus
action potentials do not invade the soma actively, stopping 2 or
more length constants away. Since the soma lies between a long
dendrite at the end of which the stimulus acts and the axon, the
receptor region is separated from the site of spike origin by 4 or
more length constants. The intervening soma effectively decouples
the dendritic receptor potential from the axonal generator poten-
tial and both from the recording electrode. The longitudinal cur-
rent flow in the cell transmits the stimulus information and this
current cannot be measured directly. We would expect considerable
loss of current through the unsheathed soma and axon membranes
and, as a result, poor sensitivity of the receptors. Extracellu-
lar measurements suggest that an unusual transmission process
which avoids this loss may be involved. Monopolarly-recorded
action potentials of single cells in the soma region commonly
have 6 or 7 clearly distinguishable phases. These could result
from an abrupt change in propogation velocity of the action poten-
tial in the vicinity of the recording electrode or from summation
of more than one active event. The former is not likely here
since the action potentials do not invade the soma. It may be
that the stimulus evokes dendritic action potentials and that cur-
rent from these modulates the rate of occurrence of action poten-
tials of axonal origin. Supported by NSF Grant No. BNS 75-02339
and Northwestern University.
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CONDITIONED TASTE AVERSION IN GENETIC OBESITY. Melvin Enns®,
Geoffrey Nowlis*, Joel Grinker”™ (Spon: Victoria Luine). B
Rockefeller University, New York, New York 10021.

Sucrose consumption of 24 genetically obese and 24 lean
female Zucker rats (age 3-4 mo., wt. x = 432g and x = 220g) was
examined using a conditioned taste aversion paradigm. Rats
received either .1M sucrose (experimental) or water (control)
paired with apomorphine hydrochloride (30mg/kg ip) and then the
intake of .01M, .0316M, .1M and .316} sucrose was measured. The
degree of the conditioned aversion was similar for obese and lean
rats and was a function of test solution concentration; experi-
mental subjects 'drank significantly less .1M and .316M sucrose
than controls. Following a second conditioning trial, the intake
of .75M glucose, .1M sucrose, .001M saccharin and .025M sodium
cyclamate was measured. Again, the degree of the conditioned
aversion was similar for obese and lean rats and was related to
type of sweetener; experimental subjects drank significantly
less .75M glucose and .1M sucrose than controls. Next, .1M
sodium chloride was paired with the apomorphine hydrochloride
and the intake of .1M sodium chloride was measured. The degree
of the conditioned aversion and the rate of extinction were simi-
lar for obese and lean rats; experimental subjects drank signi-
ficantly less .1M sodium chloride than controls on the first
test day but not on days 2,3 and 4.

In another experiment, the same absolute dose of apomorphine
hydrochloride for all subjects (equivalent to 30mg/kg for lean
rats) produced similar conditioned taste aversions between
16 obese and 16 lean female Zucker rats (age 4-6 mo.; wt. x =
445g and 224g) to .1M sucrose or .1M sodium chloride. However,
during four weeks of weekly conditioning and daily testing,
experimental and control obese rats decreased their sucrose
intakes while experimental and control lean rats increased their
sucrose intakes. These long~term changes did not occur with
sodium chloride. The data confirm previous findings of normal
or subnormal sucrose intakes by obese Zucker rats (Grinker and
Roswell, EPA, 1974; Grinker, Obesity in Perspective, 2, 1975)
and suggest that experiential rather than sensory factors
contribute to the decreased intake. (This work is supported by
NSF Grant BNS 76-09957).

CHOLINE ACETYLTRANSFERASE AND ACETYLCHOLINESTERASE IN THE OLFAC-
TORY SYSTEM OF THE RAT. D.A. Godfrey*, C.D. Ross* aad A.D. Wil-
liams* (SPON: H.R. West). Depts. of Pharmacol. and Anat. and
Neurobiol., Washington Univ. Med. Sch., St. Louis, Mo. 63110.

Quantitative histochemical mapping procedures have been ap-
plied to measure choline acetyltransferase (ChAc) and acetylcho-
linesterase (AChE) activities in the olfactory system of male
Sprague-Dawley rats. Data for many regions in one rat, which
have been supported by measurements on certain of these regions
in three other rats, are summarized below, enzyme activities in
amount /kg dry wt/min, meant SEM (no. of samples):

Region ChAc (umoles) AChE(mmoles)
OLF. BULB, olf. nerve layer 9+3(3) 2%1(6)
glomerular layer 472+40(6) 42%3(11)
ext. plexiform layer, superf. 557(2) 48(2)
ext. plexiform layer, deep 353+20(6) 30+1(8)
mitral cell body layer 408+30(3) 37+1(3)
int. plexiform layer 439%24(3) 42%2(6)
granular layer 224*14(11) 25+2(10)
ANT. OLF. NUCLEUS, layer I 328+21(14) 33+1(15)
layer II 349+11(17) 39%1(27)
ant. commissure 52+22(3) 10%1(4)
PIRIFORM CORTEX,ROSTRAL, layer I 271%35(4) 29+2(8)
layer II 558+34(3) 50%3(4)
layer III 447%57 (4) 54%5(7)
PIRIFORM CORTEX,CAUDAL, layer I 510%67(5) 60£9 (4)
layer II 1115(2) 119(2)
layer III 1264+235(3) 165%28(5)
OLF. TUBERCLE, layer I 1230+80(3) 307+26(4)
layer II 1450(2) 480139 (3)
layer III 1362+79(10) 437%33(92)
NUCLEUS OF LOT, layer I 964134(3) 116£16(9)
layer II 2563+139(3) 258%12(8)
layer III 1428+242 (4) 151434(3)
HORIZ. LIMB OF DIAGONAL BARD 982455 (10) 149+4(6)
LATERAL OLF. TRACT (LOT) 70£13(12) 8+1(11)

These data suggest that the olfactory nerve fibers and the
mitral cells (whose axons comprise the bulk of the lateral ol-
factory tract) are not cholinergic, but that cholinergic neurons
are nevertheless prominent in the olfactory system. Attempts to
identify these cholinergic neurons have been started in collab-
oration with Dr. J. L. Price, through measurements of enzyme
activities following surgical lesions at various locations.
(Supported by NIH Grant NS08000 to F. 4. Matschinsky).
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IDENTIFICATION OF GENICULATE GANGLION SOMATA THAT
PROJECT VIA THE RAT CHORDA TYMPANI USING HORSERADISH
PEROXIDASE. Maximo M. Gomez. Dept. Anat., Bowman
Gray Sch. Med., Winston-Salem, N.C. 27103

The chorda tympani nerve contains chemosensitive
and mechanosensitive fibers whose cell bodies are
located within the geniculate ganglion (GG). This
study was designed to determine the topographic organ-
ization of these somata within the GG and to distin-
guish them from the neurons whose peripheral processes
run in the greater superficial petrosal (GSP) and pos-
terior auricular (PA) nerves. The CT was cut in the
infratemporal fossa, several dry flakes of horseradish
peroxidase were applied to the central end three times
during an 8 hr. period and allowed to disolve in the
surrounding tissue fluid. After intracardiac perfusion
and fixation, both the experimental and contralateral
control GG were removed and reacted en bloc with
diaminobenzidine and H,O,, dehydrated, embedded in
paraffin and serial sectloned at 15u. In the experi-
mental GG, 3% of the total GG cells contained HRP pos-
itive granules. These cells are all in the lower size
range of GG somata, being 15u to 25u in maximal crcss-
sectional diameter. The labeled cells are primarily
located in the ventral region of the GG where they are
spread close to the main trunk of the VIIth nerve
(posterior in the ganglion). The labeled cells that
are found more dorsally within the GG nearly always
occur along the medial margin of the ganglion.
Although these preliminary results are not quantita-
tive for the afferents in the CT, similar HRP experi-
ments are in progress to determine the subpopulations
of somata within the GG that project via the GSP and
PA nerves. This will allow the study of the architec-
tonics of these neuronal subpopulations and a
correlation between some aspect of perikarial
morphology or location and the peripheral sensory
field to which they project.
(Supported in part by NIH Grant NS 10389)
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Joseph W. Harding , Kate Donlan” , Nancy Cheg , John Wright 23

Dept. Veterinary Pathology, Dept. Pyschology’, Washington State
Univ., Pullman, WA 99164.

Behavioral and biochemical evidence is presented which strongly
suggests that the primary olfactory chemoreceptor neurons in the
adult mouse are capable of being replaced, presumably from a
population of undifferentiated stem cells. This data further
corraborates previously published biochemical and morphological
studies which supported the unusual notion of neuron replacement
in adult mice (Harding et al, Brain Res, in press). Mice were
trained to find buried food pellets of various sizes within a
time period of three minutes. After training, mice were bi-
laterally olfactory nerve sectioned. Starting two days after
nerve section and continuing until 30 days postop, the olfactory
capabilities of the animals were determined using the food finding
test. At day 3 a few operated animals began to find the buried
food pellets. The number of animals finding the buried pellets
steadily increased and by day 19 all the operated animals were
finding the pellets. Although all the operated animals were
finding the pellets, the latency for finding was longer than for
unoperated mice. Animals were taken for biochemical analysis at
various points during the time course of loss and return of
olfactory mediated behavior. At,days 3,9,12,21, and 45, mice
were intranasally irrigated with 'C-8-alanine, the precursor of
the specific olfactory neuron marker, carnosine. Carnosine is
known to be synthesized inIEhe olfactory epifﬂelium and trans-
ported to the bulb. Both C-B-alanine and C-carnosine content
were measured in the olfactory epithelium and oif?&tory buib.
Three days following nerve section the amount of = C-carnosine
transported to the bulb was less than 10% of control values.
amount transported increased during the time course of the
experiment and by day 45 had reached approximately 55% of control
values. This return in the ability of the primary olfactory
system to synthesize and transport the neuron specific marker,
carnosine, is consistent with the return of olfactory mediated
behavior, the concept of neuron replacement, and the formation of
new functioning synapses with the bulb.

The
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TOPOGRAPHIC ORGANIZATION OF THE ASSOCIATION FIBER SYSTEMS IN
THE OLFACTORY CORTEX OF THE RAT. L.B. Haberly*, M.B. Luskin*,
and J.L. Price (Spon: M.B. Bunge). Dept. Anat. and Neurobiol.,
Washington Univ. Sch. of Med., St. Louis, MO 63110.

Studies of the association fiber systems in the olfactory
cortex of the rat, using HRP as a retrograde and anterograde
axonal tracer and the autoradiographic method, have revealed
the presence of a broad and overlapping, but systematic
topographic organization. This organization is present in the
projections to the cortical areas at the level of the lateral
olfactory tract (anterior olfactory nucleus, anterior piriform
cortex, olfactory tubercle, and ventral agranular insular cortex)
and encompasses the projections from the anterior olfactory
nucleus, piriform cortex, and a newly discovered projection
from the entorhinal cortex. These fiber systems are organized
such that fibers from progressively more caudal areas terminate
in broad strips, oriented parallel to the lateral olfactory
tract, which are progressively further removed from the tract
on both the lateral and medial sides. Thus the anterior
olfactory nucleus (the most rostral olfactory cortical area)
projects most heavily to the cortex deep to the tract; the
anterior piriform cortex projects to the cortex deep and
adjacent to the tract both medially and laterally; the posterior
piriform cortex projects to strips further removed from the
tract with little projection to the cortex deep to the tract;
the entorhinal cortex projects only to the cortical areas
furthest removed from the tract (most medial portions of the
olfactory tubercle and the anterior olfactory nucleus).

There is also an organization in the tangential dimension
in other portions of the association fiber system, but no
other clear examples of topographically ordered (systematic
point to point) projections have been found. Thus while many
of the olfactory cortical areas or cytoarchitectonically
distinct subdivisions of these areas have characteristic
projection patterns to restricted regions, neighboring areas
often project to non-adjacent regions.

Commissural fiber projections from three cortical areas have
been demonstrated (from the anterior olfactory nucleus to the
opposite anterior piriform cortex; from the anterior piriform
cortex to the opposite posterior piriform cortex and adjacent
cortical areas; from the nucleus of the lateral olfactory
tract to the medial portion of the opposite anterior piriform
cortex and adjacent portion of the olfactory tubercle). In
all cases the commissural projection is matched by a very
similar ipsilateral projection from the same area, but no
evidence for any further degree of organization of a
topographic nature has been found within any of these
systems. Supported by NIH Grants NS09518 and NS05162.

PREPARATION AND CHARACTERIZATION OF CELLS FROM RAT OLFACTORY
MUCOSA. James D. Hirsch* and Frank L. Margolis. Dept. Physiol.
Chem. & Pharmacology. Roche Inst. of Molec. Biol., Nutley, NI

Our lack of understanding of olfaction may be blamed in part
on the inability to assess the functions of the individual cell
types in the olfactory mucosa. Interaction of odorant molecules
with the chemosensory neurons is known to occur but this process
is poorly understood. The role of the sustentacular cells is
unclear. The basal cells are progenitor cells for the neurons,
but the factors controlling their division and differentation
are unknown. Thus, studies of isolated olfactory cells should
be helpful to elucidate the individual cellular functions in
olfaction.

The turbinates and nasal septum containing the olfactory and
respiratory epithelia were subjected to enzymatic digestion with
collagenase and hyaluronidase and mechanical disruption yield-
ing a suspension of viable cells which synthesize RNA and pro-
tein from radiolabeled precursors. The olfactory neurons, sus-
tentacular cells and respiratory epithelial cells could be
identified by phase contrast microscopy, but the basal cells
could not be identified. The cell suspensions were fractionated
in discontinuous gradients of bovine serum albumin at unit grav-
ity. Separation of the olfactory neurons from the various non-
neuronal olfactory cells was achieved. Cells containing the
olfactory neuron-specific marker protein (OMP) and the neuronal
enzyme carnosine synthetase were in the upper fractions of the
gradients. Nonneuronal cells containing carnosinase were in
the lower fractions. These gradients were also analysed by
immunocytochemical and histochemical techniques. The OMP and
S-100 proteins were localized in cells from the gradient by
staining with the PAP technique. S-100-containing nonneuronal
cells were partially separated from OMP containing neurons by
our fractionation technique. This is the first report of the
presence of the S-100 protein (a presumptive glial marker) in
this tissue and raises questions as to which olfactory cell type
contains this protein and whether they are glial-like. Staining
for secretory cells of Bowman's glands with Alcian Blue 8GS (pH
1.C), showed their presence in the suspension and their separa-
tion from the neurons. The Bowman's gland cells sedimented rap-
idly in the gradient.

Clearly, care must be taken to characterize separated cells
by a variety of morphological and biochemical criteria before
conclusions are drawn about the purity of the cell fractionms.

We have ohtained cell suspensions enriched in olfactory neurons
or nonneuronal cells. Work is in progress to purify these frac-
tions further. The cell fractions will be used to probe the role
of the individual olfactory cells in olfaction and study the in-
teraction of odorant molecules with the chemosensory neurons in
vitro.
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SINGLE UNIT ACTIVITY IN THE OLFACTORY PATHWAY IN THE PIGEON.
Larry V. Hutchison, Lyle J. Rausch and Bernice M. Wenzel.
Dept. Physiol., UCLA Sch. of Med., Los Angeles, CA 90024.

Previous evoked potential and neuroanatomical studies in our
laboratory identified 3 structures in the pigeon forebrain as
primary ipsilateral projection areas of the olfactory bulb (0B),
viz., cortex prepiriformis (CPP), lobus parolfactorius (LPO), and
hyperstriatum ventrale (HV). Also identified were several
secondary projection areas, viz., hyperstriatum accessorium (HA),
hyperstriatum dorsale (HD), paleostriatum augmentatum (PA),
paleostriatum primitivum (PP), nucleus septalis laberalis (SL),
and neostriatum caudale (NC). We now report results of electri-
cally stimulating the pigeon's olfactory nerve (ON) and recording
extracellular single unit responses in the OB and ipsilateral
projection areas confimming previous evoked potential records.
Mean spike discharge rates in forebrain projection areas varied
over a wide range for different cells (0.28->30 spikes/sec).
Stimulation of ON with 8-12 V pulses (single or train), 0.5-

1.0 ms duration, at 0.1-1.0 Hz resulted in modification of spon-
taneous activity (+25% change in rate). Response patterns of
the majority of affected cells involved enhancement while a
smaller number of cells showed depression. PST histograms for
some cells showed peak spike discharge rates or periods of inhi-
bition at a constant latency, consistent with latencies of phases
of the evoked potential characteristically recorded from that
site or through the same electrode. There appeared to be some
degree of anatomical localization of effects; LPO and PP show a
larger proportion of cells inhibited by ON stimulation, whereas
the cell populations of the projection areas of the hyperstriatal
complex generally show excitation. Records to date indicate that
low rates of spontaneous activity may be characteristic of the
mitral cell layer of the OB and in same cases a burst of spikes
may be elicited at a latency comparable to the bulbar response
(20-40 ms) .

Tetanic stimulation of ON (20 Hz-20 sec) produced either
potentiation-recovery or depression-rebound-recovery in forebrain
projection sites. The time course of post-tetanic changes varied
markedly for individual units from a few seconds to several
minutes. Active units in other forebrain areas not known to
receive olfactory input were not effectively modified by ON stim-
ulation. (Supported by USPHS grant NS 10353 to B.M. Wenzel and
a postdoctoral fellowship to L.V. Hutchison under grant MH 06415
to the UCLA Brain Research Institute.)

OBSERVATIONS ON MORPHOLOGICAL CHANGES IN THE VOMERONASAL ORGAN
OF GARTER SNAKES FOLLOWING VOMERONASAJ, NERVE SECTION. John L.
Kubie*, Ruu Tong Wang* and Mimi Halpern (Spon: K., Koizumi). Dept.
of Anatomy and Cell Biology and Program in Biological Psychology
Downstate Medical Center, Brooklyn, N.Y. 11203.

Following vomeronasal (VN) nerve section the VN mucosa of
garter snakes undergoes a dramatic retrograde necrosis which
when viewed in Bodian stained sections is marked by a loss of
the cell bodies occupying the bipolar nuclear layer, a loss of
the dendrites of bipolar neurons and an apparent thinning of the
superficial epithelial layer. The layer of undifferentiated cells
does not undergo major morphological changes.

Partial VN nerve section results in degeneration of bipolar
cells in those columns from which the severed axons emerged. Re-
sults of several partial vomeronasal nerve lesions reveal that
the projection from the VN organ to the accessory olfactory bulb
via the VN nerve is topographically organized: dorsally situated
VN nerve fibers originate from bipolar neurons in the anterior,
dorsal portion of the organ; ventrally situated fibers originate
from caudal, ventral regions of the organ.

Electron microscopic observations of the VN organ two weeks
after transection reveal that although the columnar cells them-
selves do not undergo degeneration, the organization of the
epithelial cell layer changes from a simple columnar type with
cell nuclei restricted to its basal portion to an epithelium
with many nuclei lying adjacent to the luminal surface. Thinning
of the epithelial layer is partially due to shortening of colum-
nar cell cytoplasmic processes which line the lumen of the organ.
In addition, following nerve cuts, columnar cells contain an in-
creased number of lysosomal and secretory granules particularly
at their luminal pole.

In the bipolar cell layer a marked loss of cell bodies is
observed. Cells undergoing degeneration become polymorphic,
contain many large lysosomes, multivescicular bodies and lamellar
vescicles. Cytoplasmic organelles become disorganized. The
nuclei are reduced in size, irregular in shape and contain ran-
domly dispersed chromatin, Intermingled with the debris of de-
generated neurons were a few neurons whose morphological char-
acteristics were identical to normal bipolar neurons. In addi-
tion, at the base of the bipolar nuclear layer 2 or 3 compact
rows of neuron-like cells were observed., We presume that the
remaining neurons are either cells which differentiated follow-
ing the nerve cuts or cells whose growing axons had not yet
reached the level of the nerve cut at the time of surgery.

The layer containing undifferentiated cells was free of
signs of degeneration. Degenerating columns were marked by cell
proliferation and an increased frequency of mitotic figures
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RESPONSE OF THE HAMSTER CHORDA TYMPANI NERVE TO TWO-COMPONENT
MIXTURES. Angela M. Hyman* and Marion Frank* (SPON:
C. Pfaffmann). Rockefeller Univ., New York, N, Y. 10021,

Most mammals are stimulated by taste mixtures in natural
feeding situations. Yet, neurophysiological investigations have
principally considered single-component stimuli. For instance,
although the hamster chorda tympani nerve has been well
characterized in its responses to individual substances, its
responses to mixtures have not previously been studied.

Summated electrophysiological responses of the whole nerve
were recorded to ,01M NaCl, .05M NH4Cl, .01M CaClp, .003M HC1,
.1IM sucrose, and .07M D-phenylalanine applied to the tongue
individually and in two-component mixtures. The actual response
to each mixture was less than the value calculated as the
arithmetic sum of the responses to the components presented
alone.

The response to a mixture will equal the value calculated as
the arithmetic sum of the responses to the individual components
if the components stimulate two independent sets of receptors.
Alternatively, if the components stimulate the same set of
receptors, the response to a mixture can be predicted from the
response functions of either component presented alone. The
response to a mixture will lie between these extremes if the
sets of receptors stimulated by the components partially overlap.
In order to determine which of these alternatives best describe
the mixture data, summated responses were also recorded to the
individual substances in ascending concentration series. Power
functions were fitted to the response values for each substance
at its concentration in the mixtures and plus and minus % log-
step. The response to each mixture could then be scaled
between the theoretical value predicted from the response
functions and that calculated as the arithmetic sum of the
component responses. Values on this scale express the degree
of overlap of receptor stimulation by the different substances.
The scaled values for the different mixtures indicate, for
example, that CaCly and HCl predominantly stimulate the same
set of receptors whereas NaCl and D-phe do not. The individual
stimuli can be divided into two groups: sucrose and D-phe, and
the electrolytes. Although the extent of the overlap between
sets of stimulated receptors varies, in general, it is greater
between substances in the same group than between substances in
the different groups. However, the electrolytes overlap
somewhat more with sucrose than with D-phe.

Inhibition was observed when certain electrolytes (e.g.,
CaCly and NH401) were mixed at these concentrations.

ORBITOFRONTAL NEOCORTEX OF RATS AND ODOR DISCRIMINATION.

L. Leach¥*, S. Kiefer¥*. Ariz. St. Univ., Dept. of Psych.,

Tempe, AZ 85281. (SPON: E. Davis, Dept. of Anatomy, Univ of
Calif. at Irvine, Medical School, Irvine, CA 92717).

Leonard (Brain, Behav, Evol. 6: 524, 1972) has shown that the
rat's orbitofrontal neocortex receives input from the primary
olfactory cortex (piriform area) via the dorsomedial thalamic
nuclei. The present study compared the ability of unoperated
rats (Group U, n=20) and rats with bilateral orbitofrontal
ablations (Group OF, n=10) to acquire a discriminative learned
odor aversion. Three stimulus conditions were used. In condi-
tion PO drinking water in the presence of an odor was followed
by toxicosis induced by injections of apomorphine hydrochloride
In condition UO drinking water in the presence of an odor
different from that used in condition PO was never paired with
toxicosis. In condition NO all rats drank water in the absence
of an odor without the induction of toxicosis. It was found
that bilateral orbitofrontal ablations impaired the ability

of rats to associate odors with toxicosis and/or to discriminate
between the paired and unpaired odors. After 6 presentations
of each condition, rats in Group U exhibited the ability to
discriminate between paired and unpaired odors. The Group U
rats exhibited a significant aversion to drinking water during
condition PO relative to either conditions UO or NO, but did
not exhibit a significant aversion to drinking water during
condition UO relative to condition NO. After 6 presentations
of each condition, rats in Group OF drank less water during both
conditions PO and UO relative condition NO but the differences
were not significant. It is concluded that in the rat the
region of the orbitofrontal neocortex shown by Leonard (1972)
to receive input lower olfactory areas via the dorsomedial
thalamic nuclei plays a role in acquiring a disciminatively
specific avoidance to odors.
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A THLORETICAL MODEL OF CHEMOSENSORY TRANSDUCTLON IN
CATrIsti. Joseph F, Metcalf, Center for Sensory
Studies. University of Florida, Gainesville.

The olfactory and gustatory chemoreceptors of cat=-
fish are extremely sensitive to low stimulus concentra-
tions, and show a high degree of specificity for amino
acids. The stimulus-response relationship does not
obey RBeidler's fundamental taste equation, howvever,
and is best described as a power function with expo-
nents between 0,08 and 0,14 (Suzuki and Tucker, Comp.
Biochem. and Physiol, 1971; Caprio, O, and T. V, 1975).

A simple modification of a previous model (Metcalf,
ileuroscience Abstracts, 1976) is proposed to account
for the rapidly adapting catfish chenoreceptor re-
sponses and predict the power function relationship
between response and stimulus concentrations. The
anino acid, A, is assumed to bind a specific receptor
protein, P, which has a single binding site for the
anino acid on the external surface of the receptor
cell, and multiple (i) binding sites for substance
L on the inner or cytoplasmic side of the membrane.

X is assumed to be a precursor of substance Y, Bind~-
ing of the amino acid to the active receptor pro=-
tein P(X)1i, produces an activated complex, A~P(X)i,
which generates substance Y and the inactive re-
ceptor, A=-P. Y is assumed to function as in in=-
ternal transmitter, and the amplitude of the re-
ceptor response is assumed to be determined by

the rate at which Y is generated. The active form

of the receptor protein, P(X)i, is regenerated by
subsequent steps of the reaction sequence,

The Continuous System Modeling Propram (C,S.M.P,)
wvas used with the IBM 370 computer to simulate the
time-~course of receptor response and generate response
anplitudes as a function of stimulus concentration.
The simulated responses show a rapid rise to a peak
followed by a rapid decline to a low value. The re=-
sponse amplitudes are described by a power function
of stimulus concentration extending over a wide range.
The exponent of the power function, n, is equal to the
reciprocal of i, the number of internal binding sites
for substance X on the receptor molecule,

The proposed model is consistent with the time-
course of receptor response, and accounts for the
quantitative stimulus-response relationship, ex-
tended dynamic range, and extreme sensitivity of the
olfactory and gustatory chemoreceptors in catfish.

INTERACTIONS BETWEEN NERVES AND EPITHELIA DURING TASTE BUD AND
PAPILLA DEVELOPMENT IN FETAL SHEEP. Charlotte M. Mistretta and
Robert M. Bradley. Dept. Oral Biol., Sch. Dent., U. Mich.,

Ann Arbor, MI 48109.

To study nerve-epithelium interactions during taste bud and
papilla development, autogenous cross-grafts of anterior dorsal
tongue mucosa and external cheek skin were made in 12 fetal sheep
aged 52-107 days of gestation (term=147 days). Grafts, including
epidermis and dermis, were made in fetuses during sterile surgi-
cal procedures; fetuses were then replaced in utero. At 134-144
days fetuses were delivered and fixed by perfusion. Graft and
control tissues:were dissected and prepared for light microscopy.
In the youngest fetal age at the time of grafting (52 days,
weight v 20 g) epithelium contains immature fungiform papillae
and presumptive taste buds; cheek epidermis contains follicle
plugs, the first stage in wool follicle development.

All grafts continued to differentiate at transplant sites and
became innervated. Cheek skin transplanted to the dorsal tongue
acquired the cornified cell layers, mature wool follicles, and
wool fibers characteristic of normal mature cheek. Although
grafts remained at the tongue site for 37 to 82 days, no fungi-
form papillae or taste buds formed. Tongue epithelium trans-
planted to the external cheek acquired additional cell layers
and mature filiform papillae. However, only in tongue grafts
that had been made in fetuses aged 52-67 days of gestation were
there any structures resembling fungiform papillae or taste buds;
in older fetuses the taste buds and papillae that were already
present degenerated and did not re-form. About 1-5 fungiform
papillae were present in each tongue graft made in the younger
fetuses. These papillae had a typical fungiform shape and broad
connective core, but were atypical in that they usually had a
filiform-type, keratinized point on one edge. Two-three of these
papillae on each graft contained a structure resembling an imma-
ture taste bud. The buds were composed of a cluster of disor-
iented cells with no taste pore.

From these initial results we conclude that: 1. Tongue nerve
fibers will not induce taste bud and papilla development in non-
gustatory, cheek epidermis, even when the epidermis is grafted
at a very immature stage of development. 2. Not only taste bud
development, but also, fungiform papilla differentiation and
maturation is under the influence of tongue nerves. 3. A few
structures resembling taste buds and fungiform papillae can be
induced to form in tongue epithelium under the influence of the
nongustatory, trigeminal innervation to the cheek if the tongue
is transplanted early enough in development. Therefore, it is
suggested that nerves and epithelia interact differently at
different stages of development in the process of taste bud and
papilla differentiation. (N.I.H. Grant DE-04491)
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237 TASTE RESPONSES TO SOLUTIONS OF DEUTERIUM OXIDE.

Inglis J. Miller, Jr. and Gregory Mooser*, Dept. of
Anatomy, Bowman Gray School of Medicine of Wake Forest
Univ., Winston-Salem, NC 27103 and Dept. of Biochemistry,
University of Southern California, Los Angeles, CA 90007.

Deuterium oxide (D,0), the "heavy hydrogen" analog
of water (H,0), has been used in studies of excitable
tissues because its chemical properties are similar to
ordinary water but its physical properties differ be-
cause of greater atomic mass. Recently, Richter (P.S.
E.B.M. 152, 677, 1976) demonstrated that rats discrimi-
nate between D,0 and H,O in favor of water when offer-
ed a choice, biit conclided that rats were unable to
taste a difference among the two compounds. In the
current study, summated electrophysiological responses
were recorded from whole chorda tympani nerves in the
rat in response to stimulation of the tongue with solu-
tions of D, O. Solutions consisted of sodium chloride,
sodium benfoate, potassium chloride, potassiumbenzoate,
quinine hydrochloride, and sucrose in concentrations
from .01 to 1.0 molar for the salts. Sucrose concen-
trations included .02 to 2.0M and quinine HC1l solutions
of .003 to .03 M were used. Distilled H,O was used to
prepare control solutions of the same molar concentra-
tions for comparison with solutions of D,0. Application
of D,0 to the tongue, which was previouszy rinsed with
H,0, resulted in an immediate response that was main-
tained until the D,0 was rinsed with H,O. The magnitude
of this response was intermediate to those elicited
from H,O solutions of NaCl between .03 and 1.0 M. NaCl
and Kci responses from D0 solutions were comparable
in magnitude to Hy0 solutions for concentrations above
0.1 M when this concentration was used as a standard;
however responses to D30 solutions of NaClat .0l and .03
M concentrations were greater in magnitude than for
corresponding H,O0 solutions. D,0 solutions of sucrose
elicited responses which were smaller than equivalent
concentrations of Hy0 solutions; on the other hand,
responses to quinine solutions of D,0 were greater than
comparable H,0 solutions. Responses elicited when po-
tassium benzoate was rinsed from the tongue with pure
solvent, which have been called "water responses" by
some investigators, could be elicited by D;0. These
preliminary observations are being continued to deter-
mine the effects of solvent-solute .interactions on
taste responses. (Supported in part by NIH Grant NS
10389).

DEOXYGLUCOSE AND ELECTRORHYSIOLOGICAL MAPPING OF CHORDA TYMPANI
ACTIVITY IN RAT NUCLEUS SOLITARIUS. M.A. Orlandi*, R.P. Erick-
son, A.E. Johnson* and L.C. Skeen, Departments of Psychology,
Physiology and Anatomy, Duke University, Durham, N.C. 27706

In order to better elucidate the taste pathways within the
mammalian central nervous system, we have initiated a series of
studies in rats which combine electrophysiological analyses with
an autoradiographic method that allows anatomical localization of
stimulus-induced cerebral deoxyglucose consumption (Science, 187:

850, '75). 7 the present studies, rats were given IV pulse in-
jections of [C]-2-deoxy-D-glucose (150-250uCi/kg) and exposed
either to a) natural taste stimuli on the tongue (e.g., 0.1M

NaCl), or b) electrical stimulation of chorda tympani nerve
(3-15v/0.2ms., 20/sec) combined with recording electrode place-
ments in nucleus tractus solitarius (NTS) guided by natural taste
stimuli. The animals' brains, and those of control rats, were
subsequently processed for x-ray film autoradiography (DuPont,
LoDose). Under the latter conditions, maximal ipsilateral NTS
activity proved stable over the 1 hr. stimulation period.

Autoradiographs of cryostat-cut 30um coronal sections from the
same brains reveal highly localized patterns of increased
activity-related deoxyglucose consumption (i.e., increased opti-
cal density) within a portion of the ipsilateral, but not the
contralateral, NTS. Similar increases in autoradiographed NTS
optical density are less circumscribed, and predictably less in-
tense, in animals exposed to natural taste stimuli, and they are
not found in the control animals. High optical densities in
other neural structures (e.g., components of the vestibular and
auditory systems) are similar among all animals. These results
show that neuroanatomical components of the taste pathways can be
directly visualized and partitioned with deoxyglucose autoradio-
graphy in correspondence with simultaneously determined electro-
physiological response properties of their cells. Further
studies will be aimed at more refined electrophysiological and
anatomical analyses of the individual neuroanatomical subdivi-
sions associated with each deoxyglucose circumscribed taste path-
way.

Supported by Grants from NSF (BMS 75-04230 and BNS 75-22692),
NINDS (NS-09623), and the U.S. Army (14195-L).
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TASTE DISCRIMINATION, GENERALIZATION, AND THE GUSTATORY NEO-
CORTEX. J A. Phillips* and J.J. Braun* (SPON: A S. Schwartz).
Arizona State University, Tempe, AZ 85281.

The learned discrimination and generalization capacities of
rats Jacking gustatory neocortex (N=12) were compared to normal
rats (N=12) using similar salts as stimuli. A1l rats were
trained to avoid LiCl1 (.12 M). After training, normal rats
(Group NT) were found to generalize to NaCl solutions (.04 M,
.12 M, & .36 M) in proportion to how closely they resembled
the LiCl training concentration. Group GN generalized along
an absolute continuum of stimulus intensity. In addition, at
near-threshold concentrations of NaCl (.004 M, .012 M, & .036
M) Group GN did not generalize, whereas Group NT did. Both
groups were able to discriminate .12 M LiCl and .12 M NaCl,
but Group GN continued to drink more LiCl1 than Group NT
throughout training, suggesting that they may use post-inges-
tional effects to make such discriminations instead of taste
differences.

In Experiment II, 23 rats were trained to avoid LiCl (.12
M). Subsequent aversion generalization tests with NaCl
solutions (.12 M, .18 M, & .24 M) supported the results of
Experiment I. When the concentration of LiCl was lowered to
.06 M, Group NT learned to avoid the solution but Group GN
did not. Taken together, these results support the hypothesis
that rats lacking gustatory neocortex display elevated
association thresholds for detectable taste stimuli.
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TASTE RESPONSES OF GLOSSOPHARYNGEAL NEURONS OF THE MUD PUPPY
(NECTURUS MACULOSUS). David W. Samanen*and Rudy A. Bernard
(SPON: P.P.C. Graziadei). Dept. Physiol., Michigan State
University, East Lansing, MI 48823.

The electrophysiological responses to four taste stimuli
(HC1, NaCl, quinine hydrochloride, and sucrose) were recorded
from glossopharyngeal single-fiber preparations of an aquatic
amphibian, the mud puppy, Necturus maculosus. The effects of
stimulus concentration upon the response magnitude, the response
latency, and the form of the response were observed over a
3.5 Logjg range. The response was observed to take one of
three forms: increasing activity on stimulation, decreasing
activity on stimulation, or increasing activity to the dis-
tilled water rinse. A1l response parameters (magnitude,
latency, and form) were found in 9 specific combinations (e.g.,
1. responses of increasing magnitude and decreasing latency
as stimulus concentration increased, or 2. responses of constant
magnitude and latency over the range of concentrations.

Following the standard extracellular, macroelectrode record-
ing, the isolation of each neuron was evaluated by computer
analysis of the diphasic action potential amplitude. An enumer-
ator computer program, employing the neuron's diphasic amplitude
window, counted impulses over the 20 sec test period and pre-
and post-stimulus distilled water rinses. To determine the
response latency, a fluid switch circuit was used to determine
the stimulus delivery time after each experiment.

Most neurons were found to be multiply sensitive (to two or
more of the stimuli). However, the neurons also exhibited a
degree of chemospecificity, often giving one of the 9 types
of responses to one of the 4 stimuli. The type of taste
response with constant magnitude and latency over the range of
concentrations was stimulus-specific. In contrast, 12 of 24
fibers responded with increasing magnitude and decreasing
latency to more than one of the stimuli.

243

Susan S. Schiffmany

THE ROLE OF NUCLEUS BASALIS IN OLFACTORY BULB RESPONSES
IN RABBITS. Harry Potter* (SPON: S.L. Chorover). Dept.
MIT, Cambridge, Mass. 02139.

The nucleus basalis (NB) includes a group of large,
polar cells in the basal forebrain which project to the olfactory
bulb (OB) and anterior olfactory nucleus (AON). We have examined
the activity and responses of these cells while simultaneously
recording from units in the OB of awake, partially restrained
rabbits. The motivational and arousal state of each rabbit
was manipulated by food-deprivation (hunger), sleep, visual and
auditory stimulation (arousal), and immobilization (animal hyp-
nosis), as well as by administration of insulin following eating
(induced hunger). Records of unit activity from OB and NB were
compared with cortical EEG, and nasal air flow recordings obtained
simultaneously. While NB units were more sensitive to behavioral
state, both NB and OB units responded to odors. Both NB and OB
responses to food odors were selectively enhanced during food
deprivation and induced hunger, while hypnosis reduced responsive-
ness to all odors. Insulin induced hunger was also often accomp-
anied by changes in valence of OBor NB unit responses to odor.
None of the observed state-dependent odor responses could be
accounted for by changes in sniffing patterns. Effects of state
manipulation and reversible inactivation of NB (via Lidocaine
infusion) upon OB unit responses to odor are examined.

Supported by NIGMS Grant NIH-5-T01-GM01064-15 and NIH Grant

MH 28244-01, and NIMH Grant MH 07923-13.
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CONTRIBUTION OF THE ANION TO THE SALTY TASTE.
Dept. Psychiatry, Duke Univ,, Durham,
N.C. 27710.

A group of sodium salts listed on the federal GRAS lists
(sodium acetate; sodium ascorbate; sodium bicarbonate;
sodium carbonate; sodium chloride; sodium citrate; mono-
sodium glutamate; sodium phosphate, dibasic; sodium phos-
phate, monobasic; sodium tartrate; sodium succinate;
sodium bromide; sodium sulfate) were compared at . 2M Nat
to determine the similarity of their tastes., There were a
total of 19 different solutions, with 6 of the salts prepared
twice: 1) at the pH normally found at . 2M Na*t and 2) at
pH 7.0 adjusted by adding the corresponding acid or CO;.
ALSCAL, a multidimensional scaling procedure developed by
Takane, Young, and DeLeeuw (Psychometrika, in press), was
applied to the similarity measures to arrange the salts in a
multidimensional space with salts tasting similar clustered
near one another. The anion had an important contribution,
inhibiting the salty taste in some cases and adding additional
tastes of its own. Differences between PTC tasters and non-
tasters were found,
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LAMINAR DISTRIBUTIONS OF SHORT AXON CELLS IN THE HAMSTER
OLFACTORY BULB. S.Schneider*, F,Macrides, B.Davis and W.Youngs*.
The Worcester Foundation for Experimental Biology, Shrewsbury, MA
01545.

The laminar distributions of short axon (SA) interneurons in
the main olfactory bulb (MOB) of adult hamsters were studied with
rapid Golgi techniques. Six clearly identifiable classes of SA
cells were observed and characterized according to somal location,
dendritic arborization and axonal ramification. Two of these
classes, the Golgi and Blanes cells, had their somata restricted
to the interior regions of the MOB and were not observed more su-
perficially than the mitral body layer (MBL). The Blanes cells
could be found throughout the granule cell layer (GRL), whereas
Golgi cells tended to lie in the superficial GRL and internal
plexiform layer (IPL). The dendrites of these two classes ex-
tended in all directions from the somata and were not oriented
with respect to the layers of the MOB. Their dendrites and axons
tended to be restricted to the GRL but occasionally could be
traced as far peripherally as the deeper portion of the external
plexiform layer (EPL). Two other classes had somata which were
restricted to the IPL and MBL, and dendrites which exhibited
clear orientations with respect to these layers. One class (hor-
izontal cells of Cajal) had dendrites which ran tangentially in
the IPL and MBL, and extended only short distances into adjacent
layers. The other class (vertical cells of Cajal) had radially
oriented dendrites which extended peripherally into the superfi-
cial region of the EPL and centrally for greater distances into
the GRL. Both classes gave rise to axons which projected periph-
erally as far as the border between the EPL and the glomerular
layer (GL), but terminated predominantly in the EPL. Another
class of SA cells had somata located predominantly in the super-
ficial EPL and to some extent in the periglomerular regions of
the GL. They had dendritic and axonal processes which extended
far into the GL and appeared to branch around and between indi-
vidual glomeruli, as well as in the superficial EPL. The sixth
class, periglomerular (PG) cells, had somata located throughout
the GL. Most PG cells gave rise to one dendritic trunk that ar-
borized within a single glomerulus. Occasionally a second, less
elaborate dendritic process emerged from the main trunk or from
the soma and extended into an adjacent glomerulus. The axons of
PG cells were only partially stained in our material. Such axons
were restricted to the GL, but terminal arborizations were not
found. These laminar distributions based on morphological obser-
vations correlate with electrophysiological data from our labor-
atory that reveal laminar distributions of response properties
for spike generating interneuyrons in the MOB. (Supported by NSF
grant BNS75-07652 and NINCDS grant NS12344)

PRIMARY OLFACTORY NERVE AND UNDERWATER ELECTRO-OLFACTOGRAM (EOG)
RESPONSES IN THE FRESHWATER EEL. Wayne L. Silver and Don Tucker.
Dept. of Biological Science, Florida State University,
Tallahassee, Florida, 32306.

Averaged neural activity recorded from small bundles of
primary olfactory nerve with Pt-Ir wire electrodes and the "un-
derwater" EOG recorded with calomel electrodes via Ringer-agar
filled capillary pipettes were obtained from the freshwater eel.
Both response magnitudes increased exponentially with logarith-
mic increase in stimulus concentration ranging over the 6 log
units tested (IO'BM to 10“2M), signifying power functions, R=kCT,
or exponential functions in terms of log C, R=(10)® 08C, However,
the exponent n, determined by the slope of a regression line
fitted to the points of a log-log response concentration plot,
was twice as large for the EOG (.21*.04, N=11) as it was for the
neural response (.10%.02, N=8) with amino acid stimuli. There-
fore, with decreasing concentrations, the EOG response declines
at a rate twice as great as the neural response, suggesting that
at lower stimulus concentrations the EOG response may agpear to
be absent. This may account for the EOG threshold (10~ -Ztl'lM,
N=11) being higher than the neural response threshold (1079-9%
2‘I‘M, N=8). A given electrophysiological threshold concen-
tration was determined from the extrapolation of the regression
line to the control level. The control response has been con-
cluded to be due primarily to chemical contaminants.

The freshwater eel has been reported to possess one of the
most sensitive olfactory systems of all vertebrates (Teichmann,
H., Z. Vergl. Physiol., 42:206, 1959). With behavioral con-
ditioning techniques, threshold concentrations as low as 10-18y
were observed for such substances as phenethyl alcohol. Pre-
liminary results in the gtesent study show thresholds for
phenethyl alcohol of 10~ -5M for the EOG and 10~9-9M for the
neural response. Exponents were .15 for the EOG and .09 for the
neural response. Although not as low as those obtained with
behavioral conditioning methods, the electrophysiological
threshold concentrations reported here for the freshwater eel
are equal to or lower than those determined in a similar manner
for other fish. (Supported by NIH grants, NS-08814 and NS-05258).
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Thomas R. Scott and
Richard S. Perrotto*. Dep't. Psychol. and Inst. for Heuroscience
and Behavior, Univ. of Delaware, Newark, DE 19711.

Increases in taste stimulus concentration have been shown to be
represented by monotonically rising response rates from neural
populations in the chorda tympani and solitary nucleus.
Individual neurons within these populations nearly always show
a similar direct relationship between stimulus intensity and
discharge rate. 1In contrast, thalamic taste cells respond -
idiosyncratically and unpredictably to concentration changes,
and population intensity-response functions show occasional non-
monotonicity. Third-order neurons of the pontine taste area
mediate between solitary nucleus and thalamic cells, and their
responses to changing taste intensities were the subject of this
study.

Forty single neurons from the pontine taste areas of acute
Nembutalized rats were isolated by tungsten microelectrodes.
Four qualities representing the four "basic tastes' were used,
each at five concentrations covering a range of at least two
log units. Pontine taste neurons responded similarly to, but
not quite as vigorously as those of the solitary nucleus. NaCl
evoked the most robust activity, followed closely by HCL.
Sucrose and QHCl were only 35% as effective in stimulating these
units. Responses were nearly always excitatory and of short
latency. All stimuli elicited monotonic intensity-response
functions from the pontine population sample, and all were
adequately fitted to power functions with exponents of .18 to
.22. Across-fiber patterns of activity within any quality
correlated very well across intensities, indicating a high
degree of taste constancy. In all of these characteristics,
pontine units mirrored the activity patterns of first- and
second-order neurons and were discrepant from those of fourth-
order thalamic cells.

EFFECTS OF DEAFFERENTATION OF ACCESSORY AND/GR MAIN OLFACTORY
SYSTEMS ON INFANT AND ADULT FEEDING BEHAVICR IN RATS.

Pauline J. Singh, Seott Manaker*, and Myron A. Hofer.

Dept. Psychiatry, Albert Einstein Col. of Med., Montefiore Hosp.,
Bronx, N.Y. 10467.

It has been reported that 18 to 19-day-old pups which have
undergone intranasal perfusion with 5% ZnS9), solution have
exhibited deficiencies in suckling but not in solid food
ingestion (Alberts, 1976). This indicates that the accessory
system (which is not deafferented by ZnS0y, treatment) is involved
in solid food ingestion but relatively unimportant in normal
nursing behavior. In this experiment the role of the accessory
system as well as that of the main system in infant and adult
feeding were more extensively investigated. Seven litters were
observed, each litter having been culled to 7 pups. At 18 to 19
days of age, pups within each litter underwent vomeronasal nerve
section (VNS, which results in deafferentation of the accessory
system; intranasal perfusion with 5% 2ZnSOj solution (Zn);
bilateral olfactory bulbectomy (BOB), which results in
deafferentation of main and accessory systems; or surgical control
procedure (SC). Some pups were left intact as normal controls
(N). After 24 hrs with their lactating mother, Zn and BOB pups
lost weight,whereas VN, SC, and N pups gained weight
(differences at p<.0l). Pups were observed for latency to
approach and ingest food pellets after 24 hrs of deprivation
from their mother and solid food. Although their level of
general activity was not different from that of other groups,
BOB pups had a significantly longer latency (p<.05) to food
pellet ingestion than VN, SC, or N pups; whereas the latency of
the Zn pups fell between those of the VN, SC, or N pups on one
hand and that of the BOB pups on the other and was not
significantly different .from any. Results of VN pups indicate
that an intact accessory system is not necessary for suckling or
solid food feeding. Deafferentation of the main system (Zn pups)
is followed by a definite suckling deficiency; and BOB, which
includes deafferentation of both systems, results in marked
deficiencies in both types of feeding.
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RAT CHORDA TYMPANI RESPONSE TO NaCl: ADAPTATION OR TRANSFORMATION?
David V. Smith and Susan Plock*. Dept. Psychol., Univ. Wyoming,
Laramie, WY 82071.

Both the transient portion of the integrated chorda tympani
response and the initial burst of impulses in single peripheral
neurons are extremely sensitive to the rate of stimulus change
(Smith & Bealer, 1975). 1In addition to this rate-sensitive tran-
sient, the rat chorda tympani response to NaCl shows a slow expo-
nential decay during the "steady-state" phase of the response
(Smith, Steadman, & Rhodine, 1975). Following adaptation to NaCl,
a period of postexcitatory depression occurs in which there is
suppression of both the transient and "steady-state" components of
the response to a test stimulus. The magnitude of this postexcit=-
atory depression is dependent upon the concentration (Smith & Bea-
ler, 1976) and duration (Smith, Bealer, & VanBuskirk, 1977) of the
adapting stimulus; the time course of the recovery of excitability
during a subsequent distilled water rinse mimics the time course
of the slow decline in the response to the adapting stimulus.
Responses of taste receptor cells do not show a transient compon-
ent (Balnave, 1976; Sato, 1976), which suggests that the response
is proportional to the number of occupied receptor sites rather
than to their rate of binding (see Heck & Erickson, 1973). How-
ever, the rise time of the receptor potential has been shown to be
sensitive to the rate of stimulus flow (Sato, 1976) and the slow
adaptive process reflected in the decline in the chorda tympani
response to NaCl is also seen to occur 'in the taste receptor cell
(Ozeki, 1971). These data suggest a model of the probable seqg-
uence of events leading to the first-order neural response to NaCl.
The taste receptor potential is proposed to be proportional to the
number of occupied receptor sites minus the magnitude of a slowly
increasing adaptive process. Time course analysis of the response
of the rat chorda tympani nerve to HCl shows that the slow decline
seen in the response to NaCl does not occur to all compounds, sug-
gesting that this adaptation is the property of a specific recep-
tor mechanism. This adaptive process to NaCl dissipates only
slowly during the rinse period, producing the prolonged period of
postexcitatory depression. The response of the chorda tympani
nerve is proposed to be sensitive to the amplitude of the receptor
potential and to its rate of change, i.e., the first-order nerve
adds a differential to the taste receptor input. The decline from
the initial transient reflects the transfer function between rec-
eptor cell and first-order nerve, while the slow decline repres-
ents an adaptive mechanism. Thus, the rate sensitivity of the
chorda tympani nerve can be accounted for under an occupation mo-
del (Beidler, 1954) of taste receptor stimulation.

Supported by NINCDS Grant NS10211 and Research Career Development
Award NS00168.
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2-DEOXYGLUCOSE UPTAKE PATTERNS IN RAT OLFACTORY BULB UNDER 251
DIFFERENT ODOR CONDITIONS. William B. Stewart, John S. Kauer
and Gordon M. Shepherd. Dept. of Physiology and Section of
Neurosurgery, Yale Univ. Sch. of Med., New Haven, Conn. 06510.
Previous work with the 2-deoxyglucose (2DG) method has
revealed localized regions of glucose uptake in the rat olfactory
bulb (Sharp, Kauer & Shepherd, Brain Res. 98:596-600, 1975).
The glomerular layer, where the olfactory axons terminate, is
especially active in this regard. Preliminary experiments
suggest that spatial variations in the density of this layer are
associated with specific odor stimulation, both in rats (Sharp,
Kauer & Shepherd, 1975; Sharp, Kauer & Shepherd,
J. Neurophysiol. (in press) and in tree shrews (Skeen, Brain
Res. 124:1L7-153, 1977). We have made a systematic study of
these patterns under a variety of carefully controlled stimulus
conditions. In olfactory bulbs of rats exposed to purified air,
localized 2DG uptake was absent or minimal. Animals breathing
room air had small distinct foci, as previously reported (Sharp,
Kauer & Shepherd, 1975). These were predominately located in
the midlateral and posteromedial portions of the bulb. Animals
exposed to the odor of one of the following substances: dimethyl
disulfide (a putative pheromone; Singer et al, Science 191:
9L48-950, 1976), amyl acetate and camphor, showed patterns which
were relatively distinect from each other. The effects of
different odor concentrations on the patterns have also been
studied. The significance of the patterns for sensory processing
will be discussed. Certain behavioral conditions that may
contribute to the variability in the patterns will be identified.

NEONATAL 6-HYDROXYDOPAMINE ALTERS SPECIFIC OLFACTORY
PREFERENCES AND BRAIN CATECHOLAMINE CONTENT IN RATS.
S.K. Sobrian, E.M. Marasco* and C. Cornwell-Jones*.
Dept. Psych., Princeton Univ., Princeton, NJ 08540.

Preferences of Sprague-Dawley rat pups for conspe-
cific odors and catecholamine(CA) content of olfactory
brain regions were altered by neonatal 6~hydroxydop-
amine (6-OHDA) treatment. Responses to arbitrary (non-
ethological) odors, whether familiar or novel, were
not altered. Littermates reared in cedar shavings were
injected subcutaneously on Days 0-3 with 50 ug/g of
6-OHDA or 0.9% saline. Pups were tested in a 2-choice
situation requiring a locomotor response. On Days 8-14,
saline-injected pups spent significantly more than 50%
of test time over cedar nest shavings in favor of
natural cedar, while 6-OHDA pups were indifferent to
either odor. Group differences were significant on Days
10-14. This 6-OHDA induced change was specific to so-
cial odor. It did not reflect a deficit in locomotor
ability: pine~reared 6-OHDA and saline pups 5-14 days
of age avoided cedar odor, spending significantly less
than 50% of test time over natural cedar in preference
to natural pine. Therefore, drug treatment did not
impair ability to orient to odors. Moreover, a general
deficit in olfactory learning can not account for
these results. Both 6-OHDA and saline pups reared in
cedar acquired a preference for this normally aversive
odor. Drug-induced behavioral deficits coincided with
reductions in CA content of several olfactory inner-
vated brain regions. Norepinephrine in olfactory bulb
and prepiriform cortex was significantly lower than
control levels at Day 14 (66.8% and 63.4%, respective-
ly) . Dopamine in olfactory tubercle was unaltered;
amine changes in amygdala did not parallel behavioral
changes.

Drug treatment also altered the preference of pine-
reared pups for conspecific but not arbitrary odors.
Pups injected Days 4-7 were less attracted to pine nest
shavings than saline controls; aversion to lemon odor
was unaltered. Injections beginning after postnatal
week one (Days 8-11) had no effect on the development
of odor-guided behavior.

Therefore, 6-OHDA produces a selective deficit in
the development of conspecific but not arbitrary odor
preference. This deficit is independent of rearing con-
ditions, does not reflect motoric or general olfactory
learning impairment, but coincides with CA alterations
in brain regions receiving olfactory innervation.

AMNIOTIC FLUID CONTROL OVER THE FIRST SUCKLING RESPONSE OF NEW-
BORN ALBINO RATS. Martin H. Teicher* and Elliott M. Blass.
Dept. Psychology, Johns Hopkins University, Baltimore Md. 21218
oOlfactory control over neonatal rats first suckling expe-
rience was studied within 2 hr. postpartum. Pups were hand-held
and slowly brought intd contact with a teat of their anesthetized
dam. 180 pups were partitioned into the following groups: control;
washed nipple (3:2 solution of methylene chloride and 95% ethanol)
and washed nipple coated with one of the following: amniotic
fluid, parturient mother saliva, virgin female saliva, parturient
mother urine, amyl acetate, vanilla extract, or isotonic saline.
A rat was tested in only one condition. Pups readily attached
to the unwashed (control) mother. Nipple wash essentially eli-
minated attachment. This strongly suggests that a substance
either secreted or placed by the mother on her mammary area is
necessary to elicit suckling in her newborn. The only substances
which returned suckling to control levels were amniotic fluidand
parturient mother saliva. None of the other fluids raised attach-
ment above wash levels. This suggests chemical specificity.
These data also suggest that neonatal rats possess and utilize
olfactory sensitivity at birth.




%2 GUSTATORY-RESPONSIVE NEURONS IN THE HAMSTER PARABRACHIAL PONS.

Richard L. Van Buskirk and David V. Smith. Dept. Psychol., Univ.
Wyoming, Laramie, WY 82071.

The parabrachial pontine region contains a significant relay
for gustatory responses in both the rat (Norgren & Leonard, 1971;
Norgren & Pfaffmann, 1975; Perrotto & Scott, 1976) and the cat
(Bernard & Nord, 1971), suggesting the potential generality of
such a relay for mammals. The present study shows that taste res-~
ponses are also found in the pontine parabrachial region of the
hamster. In the cat, gustatory responsiveness is confined to the
area ventral to the brachium conjunctivum (Bernard & Nord, 1971),
but in the hamster gustatory responses are found both dorsal and
ventral to the brachium conjunctivum, as is the case in the rat
(Norgren & Pfaffmann, 1975). However, all stimulation in the
hamster has so far been confined to the anterior vortion of the
tongue. Anesthesia, general surgical procedures, and stimulus
control were comparable to earlier work on the hamster NTS
(Travers & Smith, 1976). With the head tilted forward at 27° off
the horizontal plane, the parabrachial area is accessible below
the suture of the occipital and interparietal plates, and involve-
ment with the transverse sinus is thereby avoided. 1In this ster-
eotaxic orientation, gustatory responses were found between 3.9
and 4.5 mm rostral to obex, between 3.6 and 4.2 mm below the cer-
ebellar surface, and centered along a line 1.35 mm from the mid-
line. Gustatory stimulation included the four classical stimuli
(0.03 M NaCl, 0.003 M HC1l, 0.1 M sucrose, and 0.001 M QHCl) plus
an array of 14 other compounds. Most of these pontine taste neu-
rons could be characterized as "multiple-stimulus" neurons rather
than "best-stimulus” neurons, even under the most stringent cri-
teria (Pfaffmann et al., 1976), and were found to respond to a
wide variety of stimuli. In fact, statistically significant res-
ponses to at least three of the four classical gustatory stimuli
have been found in most of the neurons examined to date. Neither
spontaneous rate nor the range of firing rates to gustatory stim-
uli appears different from that in hamster NTS (Travers & Smith,
1976). 1In several cases, when the animal was breathing on its
own, neurons firing in synchrony with either inhalation or exhal-
ation were found at the same medial-lateral, dorsal-ventral loca-
tion as gustatory-responsive neurons located just rostral and
caudal to these respiratory units. When the animal was mechani-
cally respired there were no respiratory-synchronous units found
in this area, but neurons with highly regular spontaneous firing
rates were quite commonly found interpolated among small groups
of taste-responsive neurons.
Supported by NINCDS Grant NS10211 and Research Career Development
Award NS00168.

SOME RESPONSE PROPERTIES OF SINGLE UNITS IN THE OUTER LAYERS OF
THE HAMSTER OLFACTORY BULB. W.Youngs*, F.Macrides, S.Schneider#*
and B.Davis (SPON: R.Hall). The Worcester Foundation for
Experimental Biology, Shrewsbury, MA  01545.

Extracellular recordings from single units in the mitral body
(MBL), external plexiform (EPL) and glomerular (GL) layers of
the hamster olfactory bulb (OB) reveal three major categories of
neurons which can be distinguished according to their pattern of
responding to electrical stimulation of the ipsilateral olfactory
mucosa (OM) and lateral olfactory tract (LOT). Neurons belonging
to the first category responded with a single, fixed latency spike
to single shocks of the LOT and were classified as output neurons,
Approximately half of them were excited by stimulation to the OM,
although a higher percentage of the output neurons with long ver-
sus short LOT latencies were excited by OM stimulation. This dif-
ferential sensitivity to electrical stimulation of the OM may re-
flect a functional dichotomy of output neurons: smaller cells more
sensitive to changes in overall level of OM activation, larger
cells more sensitive to specific spatiotemporal patterns of acti-
vation. Interneurons composing a second category were recorded in
the CL and were localized at the boundaries of glomeruli by ionto-
phoresis of dye at the recording sites., These interneurons often
displayed a high frequency, "bursty'" firing pattern and showed
either no clear response or suppression of spontaneous firing fol-
lowing single and multiple shocks to the LOT. Many of the GL in-
terneurons were excited by OM stimulation. As a group they had
significantly shorter OM latencies than output neurons, suggesting
that they receive direct excitatory inputs from the OM. Interneu-
rons located predominantly in the EPL compose a third category of
neuron, They had low spontaneous firing rates and tended to be
excited by OM stimulation with longer latencies than output neu-
rons and GL interneurons. They also tended to be excited by LOT
stimulation, showing variable latency bursts related to stimulus
strength., Their OM and LOT latencies were consistent with an in-
trabulbar excitatory pathway to them through output neuron collat-
erals. Most of the EPL interneurons were suppressed by electrical
stimulation of the contralateral OB. Since such stimulation is
known to be excitatory to granule cells it is likely that EPL in-
temeurons are short axon (SA) cells., The possibility that inter-
neurons recorded in the GL are granule cells also may be ruled out
since granule cell processes do not extend into the GL and do not
receive OM inputs. We postulate that they are periglomerular (PG)
cells, which are thought to be inhibitory to output neurons. The
possibility that SA cells of the EPL are inhibitory to PG cells,
and thus provide a disinhibitory pathway for output neurons, will
be discussed. (Supported by NSF grant BNS75-07652 and NINCDS
grant NS12344)

CHEMICAL SENSES: SMELL AND TASTE

253 OBSERVATIONS ON THE NORMAL STRUCTURE OF THE VOMERONASAL APPARATUS

OF GARTER SNAKES, Ruu_Tong Wang*, John L, Kubie* and Mimi Halpern.
Dept. of Anatomy and Cell Biology and Program in Biological
Psychology, Downstate Medical Center, Brooklyn, New York, 11203,

The organization of the vomeronasal mucosa of garter snakes
contrasts sharply with the organization of the olfactory mucosa.
The vomeronasal apparatus consists of a superficially positioned
epithelium, a very thick intermediately located bipolar (Bp) cell
layer and a deeply situated layer of undifferentiated(Ud) cells.
The epithelium is separated from the Bp cell layer by a basement
membrane, connective tissue and blood vessels.

The epithelium contains a single layer of columnar cells
with apical microvilli and oval nuclei situated basally. The den-
drites of Bp cells lace their way between adjacent columnar cells
as they pass toward the luminal surface.

The Bp cell layer is 20 to 30 cell bodies deep and organized
into hexagonal columns oriented perpendicular to the luminal sur-
face. Pigmented comnective tissue septi containing blood vessels
separate adjacent columns. Within each column dendrites and axons
aggregate into bundles which form parallel arrays also oriented
perpendicular to the luminal surface.

The layer of Ud cells is 6 to 10 cells deep and is organized
into the same hexagonal columns as the Bp cell layer. Within each
column several mitotic figures can be seen among the Ud cells.

Electron microscopic examination of the epithelium reveals
that membrane specializations exist between adjacent columnar
cells and between the apices of columnar cells and Bp cell den-
drites at the luminal surface. Bipolar cell dendrites traveling
through the epithelium contain large numbers of neurofilaments
and elongated mitochondria while columnar cells contain polyribo-
somes, secretory or lysosomal granules and a few large mitochon-
dria, but no neurofilaments. The round nuclei of Bp cells are
surrounded by substantial perikarya containing large amounts of
concentrically oriented, tightly packed smooth endoplasmic reti-
culum (ER) and rough ER in the polar regions of the cell body.
Those Bp perikarya closer to the epithelium contain more smooth
ER, a greater number of lysosomes and larger lysosomes than Bp
perikarya close to the layer of undifferentiated cells.

Undifferentiated cells are larger than Bp cells, have very
large oval to irregularly shaped nuclei and scanty perikaryal
cytoplasm. The predominant cytoplasmic organelles of Ud cells are
polyribosomes. Very small quantities of rough ER and few mito-
chondria are observed in them.

The axons of Bp neurons traverse the layer of Ud cells and
collect between that layer and the bony capsule to form the
bundles of the vomeronasal nerve. Satellite cells ensheath the
axons forming bundles of hundreds of axons each.

Supported by NIH grant NS 12152,







COMPARATIVE NEUROBIOLOGY






255 TELENCEPHALIC VISUAL RESPONSES IN THE PAINTED
TURTLE, CHRYSEMYS PICTA. A. H. Bass, M. L. Andry*
and R. G. Northcutt. Div. Biol. Sci's., University
of Michigan, Ann Arbor, MI 48109.

Recent anatomical investigations demonstrate a
widespread distribution of primary retinal targets
in the mesencephalon and diencephalon of turtles
(Bass and Northcutt, 1975; Bass, 1976). Electro-
physiological methods were used to investigate the
possibility that such a multiplicity of retinal
targets reflects a plurality of visual regions in
the telencephalon.

Eleven painted turtles, Chrysemys picta, were
analyzed for multiple unit activity responsive to
photic stimulation. Animals were anesthetized with
Nembutal (25 mg/kg, i.p.); multiple unit activity
was recorded with platinum-irridium electrodes
(75 u). Superficial units were associated with
surface negative evoked responses; deeper units were
associated with response component polarity inver-
sions. On and/or off cluster activity occurred
only to contralateral stimulation.

Surface recorded evoked responses were comparable
to those reported by Belekhova et al. (1964) and
by Karamian et al. (1966). Histological examination
of electrode tracks revealed sites of multiple unit
activity in the following regions: pars dorso-
medialis and dorsolateralis of dorsal cortex; dorso-
medial segment of posterior dorsal ventricular ridge;
and a dorsolateral segment of anterior dorsal
ventricular ridge which appears to correspond to
the rotundal target of Hall and Ebner (1970) in
Pseudemys.-

This research was supported by NIH Fellowship
1 F22 NS 02622 and NIH Grant 2 ROl NS 11006.

%7 TELENCEPHALIC AFFERENTS AND SDH DISTRIBUTION IN
POLYPTERUS. M. R. Braford, Jr. and R. G. Northcutt.
Div. Biol. Sci's., University of Michigan, Ann Arbor,
Michigan 48109.

The distribution of succinate dehydrogenase (SDH)
in the telencephalon of the bony fish Polypterus
palmas was studied with the method of Pearse. High
concentrations of SDH were found in the glomerular
layer of the olfactory bulb and in the superficial
neuropil of all pallial areas. The pallial distribu-
tion occurs in a band of varying thickness which
occupies the superficial one-third of the neuropil
of P1, extends almost to the ependymal surface in a
restricted rostral part of P2, and is narrower in the
remainder of P2 and in P3. Following lesions of the
olfactory bulb, terminal degeneration was seen in the
superficial one-third of Pl. Large diencephalic
lesions produced terminal degeneration in P2 and P3.
The combined distribution of the olfactory and
ascending projections coincides in precise detail
with the high SDH concentrations in the pallium.

Areas of moderate or low SDH concentrations in the
subpallium also correspond closely to the areas which
receive olfactory or ascending inputs. Similar
correlations have been reported for sensory areas in
the telencephalon of reptiles and mammals. Although
the nature of the ascending projections in Polypterus
remains to be determined, these data suggest that
- SDH distributions are reliable markers for sensory
projection areas and may be useful as predictors in
the absence of experimentally determined connections.
(Supported by NSF Grant GB-40134 and NIH Grant
2 ROl NS 11006.)
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ANATOMICAL STUDIES ON AFFERENT AND EFFERENT CONNECTIONS OF THE
MORMYRID ACOUSTICOLATERAL AREA. C.C.Bell and C.J.Russell,
Neurological Sciences Institute, Good Samaritan Hospital and
Medical Center, Portiand, Oregon 97210.

There are three types of electroceptors in mormyrids; ampull-
ary,mormyromast, and Knollenorgan. Electrophysiological and
anatomical work has been done on afferent projections from these
receptors to the CNS. The present study extends these findings.

Electroreceptor afferents from dorsal posterior skin run in
the dorsal branch of the posterior Tateral line nerve. Those from
ventral posterior skin run in the ventral branch. The latter
branch also contains ordinary (mechanoreceptor) lateral line aff-
erents and efferents. We Tabelled axons of each branch to deter-
mine termination sites. Under anesthesia, a branch was exposed
and cut near the sensory ganglion. HRP in a weak solution of
DMSO (dimethyl sulfoxide) was put on the cut end. After closing
the wound, animals survived 5-7 days. Sections were prepared in
the usual way. DMSO enhances diffuse, agranular filling with HRP
(Keefer et al, Neuroscience Letters, 3 ?]976) 233-237). Filled
axons could be seen in nerve and CNS.

There are two structural discontinuities on each side of the
cortex of the mormyrid posterior lateral line lobe (PLLL). These
run longitudinally,defining three zones; medial, dorsolateral,
and ventrolateral. Following dorsal branch labelling filled term-
inals are seen in three separate patches, medially within the
medial zone and ventrally in each lateral zone. With ventral
branch labelling terminals are lateral in the medial zone and
dorsal within the lateral zones. The results indicate three dist-
inct mappings of electroreceptor afferents onto PLLL cortex.
Electrophysiological studies have shown that the ventrolateral
zone receives ampullary while the other two zones receive mormy-
romast input.The somatopy seen here confirms that seen physiolog-
ically in the ampullary and medial mormyromast zones. Afferents
also end in the nucleus of PLLL. These are probably from Knoll-
enorgan receptors. Finally, terminals are found in the anterior
nucleus just deep to the crista cerebellaris following ventral
but not dorsal branch filling, indicating that mechanoreceptors
end here, as has been suggested by others.

Injection of HRP (in distilled water) into ganglion lateralis
of the mesencephalon shows heavy projections from all three zones
of the contralateral PLLL. Both ganglion and beard cells project.
Neurons of the nucleus of PLLL do not go to g. Tateralis but to
g. exterolateralis.

The results indicate that mormyromasts are more similar to
ampullary than to Knollenorgan receptors in their central
connections. (Supported by NIH (NINCDS-06728) and MNSF
(BMS73 - 06867) )

RETINOTHALAMIC PROJECTIONS IN LIZARDS AS REVEALED BY
ANTEROGRADE AUTORADIOGRAPHY. Ann B. Butler and R.
Glenn Northcutt. Dept. Anat., Georgetown U., Wash.,
D.C. 20007 and Div. Biol., U. Mich., Ann Arbor, Mi.
48104.

While the retina has been found to project to
multiple sites in the dorsal thalamus of birds, most
previous studies in reptiles have identified only one
dorsal thalamic retinal target, nucleus geniculatus
lateralis pars dorsalis (PD). A reexamination of the
retinal projections in two lizards, Iguana iguana
and Gekko gecko, was therefore undérfazen. Five
animals received intraocular injections of (3H)pro-
line, 9.4 pC/pl. The brains were fixed by perfusion
1-6 days postoperatively. Mounted paraffin sections
were coated with NTB3 emulsion and developed after
20 days exposure.

In the contralateral thalamus a number of retinal
targets could be identified in both species. The
pars ventralis (PV) and pars dorsalis (PD) of the
geniculate and nucleus ventrolateralis pars ventralis
(VLv) were found to receive retinal projections as
previously described (Butler and Northcutt, '71,
Brain Res., 26: 1-13; Northcutt and Butler, '74, JCN,
I57: 453-466). Additionally, the retina projects to
TIY a nucleus lying dorsal to PD, the dorsal optic
nucleus (DON), (2} a nucleus which caps the dorsal
surface of nucleus rotundus, nucleus dorsocentralis
(DC), (3) a nucleus lying between PD and nucleus
dorsolateralis anterior, nucleus intercalatus thalami
(IC), and (4) part of nucleus ventrolateralis pars
dorsalis (VLd). Part of DON was previously included
as the dorsal portion of PD in Iguana and degeneration
was also previously charted in this region in Gekko.
Ipsilateral retinal projections were traced to the
more laterally lying of these nuclei: PV, PD and DON.
If more than one of these thalamic visual nuclei is
found to project to the telencephalon, the relation-
ship of the PD'of reptiles to the dorsal lateral
geniculate nucleus of mammals will have to be re-
evaluated. (Supported by NIH Grant No. NS11006 and
NSF Grant No. GB-40134 to RGN and NIH Grant No.
NS12966 to ABB.)
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THE ACCESSORY OPTIC SYSTEM IN TELEOST FISHES. T.E. Finger and

H.J. Karten, Dept. Anat. & Neurobiol., Sch. Med., Washington

Univ., St. Louis, Mo. 63110 and Dept. Psychiatry, State Univ.
N.Y. at Stony Brook, Stony Brook, N.Y. 11794.

Karten, et al (PNAS 1977) have demonstrated that the accessory
optic nuclei (AON) in pigeon are cell groups which both receive
a direct retinal input and project directly to end as mossy
fibers in caudal cerebellum. A homologous AON system in other
vertebrates should be expected to have similar connections. In
order to determine if piscine forms possess a cell group which
might meet these criteria, HRP was injected into the corpus
cerebelli of catfish and goldfish in order to identify cells
projecting to cerebellum. In other specimens, the eye was
injected with tritiated proline and the brain processed for auto-
radiography in order to demonstrate retinal projections.

In both species, we were able to identify two distinct nuclei
which both received retinal input and projected to cerebellum.
These cell groups lie along the medial and ventral aspect of the
rostral tectum. The more ventral group in goldfish forms a
spherical nucleus roughly 200 u in diameter and lies ventro-
lateral of Schnitzlein's n. Rotundus and immediately dorsal to
the optic tract as it courses into the ventral tectum. The
dorsal AON in goldfish lies along the junction of tegmentum and
tectum at the level of the posterior commissure. Cells in this
dorsal nucleus lie within the boundaries of what has been termed
area pretectalis by Schnitzlein. In catfish, these AON are
connected by a band of cells, whereas in goldfish, the two groups
are separated.

Karten et al found that the avian AON receive input from only
the displaced ganglion cells. The possibility that specific
retinal targets may receive input from only a specific class of
ganglion cells in teleosts must also be considered.

(Supported by 0.S.P.H.S. Grants EY-00012 and EY-01255 from the
National Institutes of Health).

GENETIC APPROACHES TO BEHAVIORAL DISORDERS IN MAN. Benson E.
Ginsburg. Behav. Genet. Lab., Dept. Biobehavioral Sci.,
Univ. of Conn., Storrs, CT 06268.

Genetically based behavioral disorders in man include those
in which there is strict determinism associated with anomalies
definable at the chromosomal, genic, and/or mechanism level;
those in which there is a correlation with polymorphic markers,
suggesting a genetic susceptibility associated with particular
chromosomes or chromosomal regions; and those for which multiple
predisposing genetic bases exist, suggested by genealogical
studies and twin studies compatible with a genetic diathesis
but not with one particular mode of inheritance in association
with a given syndrome. The latter are of particular interest
because where multiple genetic etiologies are involved, the
analysis of causal mechanisms will depend upon a suitable
genetic taxonomy deriving from genealogical and marker studies
in which the multiple genetic bases within a syndrome can be
separately followed. Twin studies and work with genetically
uniform strains of mice point to the possibility that individuals
with identical encoded genotypes may not have identical effective
genotypes; 1i.e., that different genes may be activated. Findings
in our laboratory illustrate the efficacy of this approach
using familial dyslexia, hyperkinesis, tendencies to aggression,
convulsive seizures, and developmental differences in reaction
to alcohol. Each of these have diverse genotypes within the
syndrome, and the mechanisms associated with the behaviors are
genotype rather than phenotype dependent. (Supported by
NIH AA 00297, NIMH MH 28021, and by a grant from The Grant
Foundation, Inc.).
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COMPARATIVE ASPECTS OF NICOTINIC AND MUSCARINIC ACETYLCHOLINE
RECEPTORS IN BRAIN, by Renee Foders and P.M. Salvaterra, Div.
o{ Neurosciences, City of Hope Mational Med Ctr., Duarte, CA.
91010.

Nicotinic and muscarinic acetylcholine receptors were
studied in crude brain membrane fractions by I-abungarotoxin
§1251-asrx, tcQuarrie et al., J. Biol Chem 251, 6327, 1976) and

H-quinuclidinyl benzilate (éH-QNB, Yamamura & Snyder, Proc.
Natl. Acad. Sci., 71, 1725, 1974) binding. A1l species studied
(rat, rabbit, mouse, goldfish, frog & Torpedo) showed similar
receptor levels in whole brain and exhibited pronounced re-
gional differences. In the fish and frog 1251-a4BTX and 3H-QNB
binding is highest in optic tectum_lower in forebrain and
Towest in cerebellum. In Torpedo 1251-aBTX binding shows
cerebellum > optic tectum > olfactory lobe > electromotor
nucleus while SH-QNB shows olfactory lobe > electromotor
nucleus > cerebellum > optic tectum. For mammals 3H-QNB
bindin? is caudate > hippocampus > cerebrum > cerebellum
while 1251-aBTX is variable with cerebellum usually the lowest.
While all regions have higher 3H-QNB binding the ratio of
3H-QNB to 12B1-uBTX binding varies 15-400 fold indicating the
relative importance of muscarinic vs. nicotinic receptors.

This point is illustrated by data from hippocampus and caudate
of two mouse strains:

Strain Hippocampus Caudate
1257-4BTXA 3H-QNBa 1251-oBTX__ 3H-QNB
Swiss .038 1.12 .016 1.55
C58/d .026 0.62 .003 1.32

a pmoles/mg

The Swiss mouse is higher in both _markers than the C58/J,
however, the ratio of 3H-QNB to 1251-uBTX is about the same in
hippocampus but is 4-5 times higher in caudate of the C58/dJ.
Choline acetyltransferase (CAT) levels were determined

(Fonnum, Brochem J. 115, 465, 1969) and found in general to
parallel 3H-QNB binding, but it is interesting to note a higher
CAT acitivity in the hippocampus and caudate of the 58/J
relative to the Swiss mouse.

INFRARED AND VISUAL ORGANIZATICN COF THE TECTUM CF
BOID SNAKES, Eric Haseltine*, Len Kags and Peter
Hartline.(SPON; Delores Schroeder), Dept. of Psych,
Indiana Univ., Bloomington,Ind.47401 and Deopt, of Phys
iology and Biophysics, Univ. of Il1l., Urbana,Ill,

Single and multiunit recordings were made in the
tecta of two spectes of boid snake, Python reticulat-
us and Corrallus endyris, These snhakes possess at
least 16 infrared sensitive labial pits,

The topographic organization of visual input to
tectum was similar to that of the infrared projection,
but maps of the iwo modalities were not in precise re-
gister, Rostral electrode placements were aszociated
with nasal infrared and visual fields,and lateral pen-
etrations produced receptive fields in both modalities
situated inferiorly,

Seventy percent of neurons for which labial pit in-
put could be determined were driven by one pit only,
and 30% were driven by two or more pits.

Single unit infrared receptive fields were found
to be consistently larger than visual fields, Visual
fields in P, reticulatus averaged 24  in width,whereas
infrared fields averaged5l”, Mean visual receptive
field width in €, endyris was 147, while infrared
fields were 50° wide -one the average.

Bimodal neurons{those responding either to visual
or infrared stimuli) were commonly encountered in the
tectum of C.endyris. Both visual(average field 34°
wide) and infrared(average field 60° wide) receptive
fields of these units were larger than those of simple
visual and infrared units respectively. Response dyna-
mics of bimodal neurons differed according to the mo-
dality of stimulation. Strictly visual stimulation pre
duced a phasic "on" response,followed by and "off" re-
sponse,Purely infrared stimuli elicited a phasic“on"
response with no "off" response, Pronounced post-excit
atory depression typically followed response to an
infrared stimulus. Temporal characteristics of visual
and infrared componants of bimodal neuronal responses,
were similar to those of purely visual and infrared
units respectively,




263 ACTIVITY-INDUCED HYPERPOLARIZATION IN A MAMMALIAN SENSORY

NEURON.
Battelle-Northwest, Richland, WA.
UCSF, San Francisco, CA. 94143.
A prolonged hyperpolarization of the membrane potential
following repetitive activity has been demonstrated in several
vertebrate and invertebrate neurons. It has been suggested
that this hyperpolarization may affect nerve function either by
altering the threshold for excitation or by causing conduction
block. In a small population of neurons in both cat and rabbit
nodose ganglia, repetitive action.potentials generated in the
cell body caused a persistent hyperpolarization. Measurements
were made on nodose ganglia and vagus nerves removed from
anesthetized cats or rabbits, maintained in vitro and
superfused at 37°C with solutions approximating the ionic
composition of extracellular fluid. Intracellular recordings
were obtained with glass micropipets filled with 3 M KC1 or
5 M KAc. In contrast to post-tetanic hyperpolarization,
activity-induced hyperpolarization in nodose ganglion neurons
began with the first action potential and persisted no longer
than 5 sec after stimulation was stopped. The magnitude of this
hyperpolarization was often as high as 10-15 mV and appeared to
be dependent on the frequency of discharge, some hyperpolari-
zation being observed at frequencies as low as 1-2 spikes per
second. This persistent hyperpolarization occurred only if
action potentials were generated in the cell body, and sometimes
caused. failure of somatic spike generation. The mechanism by
which repetitive activity induces hyperpolarization in nodose
ganglion neurons is not known. The possibility that it is
simply a summation of afterhyperpolarizations seems unlikely,
because the duration of the afterhyperpolarization rarely
exceeded 30 msec, while activity hyperpolarization was seen
with somatic spikes occurring as infrequently as 1-2 per
second. It is suggested that the hyperpolarization following
repetitive activity in nodose ganglion neurons could, in large
part, be accounted for by specific changes in membrane con-
ductance. Further studies will be necessary to confirm this
hypothesis and to determine which species of ion are involved.
Supported by Pulmonary SCOR Grant HL14201 and NIH Grant GM00927.

Richard A. Jaffe and Sanford R. Sampson. Biol. Dept.,
99352 and Dept. Physiol.,

DIFFERENTIAL RESPONSES TO TEA AND BARBITURATES IN FOUR IDENTIFIED
LEECH NEURONS: ROLE OF CA. Anna L. Kleinhaus and James W.
Prichard, Dept. Neurol., Yale Med. Sch., New Haven, CT. 06510

Previous work from this laboratory showed that tetraethylammo-
nium chloride (TEA) and barbiturates interfered with action poten-
tial repolarization in leech Retzius cells. However, the drugs
acted by different mechanisms, TEA apparently blocked a K current
which normally repolarizes the cell and allowed the effect of a
late divalent cation conductance mechanism to dominate membrane
behavior during excitation (Kleinhaus and Prichard, J., Physiol.
1975). Barbiturates, on the other hand, interfered with the re-
polarization mechanism in some other way, possibly by blocking a
Ca-activated K conductance in the Retzius cell (Kleinhaus and
Prichard, J. Pharm. exp. Ther., (in press).

TEA applied both extracellularly in the bath and intracellu-
larly by iontophoresis prolonged the action potentials of leech
sensory neurons. The average value for the increase above control
of action potential durations after extracellular application was
500% for N cells, 240% for P cells, and 162% for T cells, With
intracellular application the respective increases were 422%,
185%, and 1417, Both amplitude and duration of the TEA-prolonged
action potentials were directly related to the Ca concentration.
The ability of these neurons to sustain active membrane responses
to depolarization when Ca was the only cation available to carry
current was found to segregate the cells in the same order. This
correspondance suggested that the differential responses to TEA
could be explained by variations among the cells in the numbers
of Ca conductance channels available to affect membrane behavior
when outward K currents were largely blocked,

Pentobarbital and methohexital, 0,1-1.0 mM, also prolonged the
action potentials of leech neurons, and in the same order that
TEA did. Resting membrane potential and maximum rate of rise of
action potentials were also affected, but not in the same order.
The effect of Ca on the barbiturate-prolonged action potentials
was the opposite of its effect on the TEA-prolonged ones. In all
four cells the barbiturate prolongation was reversed by Ca and
favored by a reduction in its concentration.

The barbiturates thus interfered with repolarization in all
the cells, but the effect was greater in those which appeared to
have larger Ca conductances, These observations and our earlier
findings on the Retzius cell are compatible with the theory that
barbiturates block a Ca-activated K conductance which partici-
pates in repolarization to a different degree in each cell type.
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264 ANATOMICAL BASIS FOR VISUAL AND NONVISUAL INTEGRATION IN PIT
VIPER TECTUM. Leonard Kass, Michael S. Loop and Peter H. Hartline.’
Dept. Physiol., Univ. of Illinois, Urbana, Il. 61801

The optic tectum of the rattlesnake is used as a model for
integration of visual and nonvisual sensory modalities (Hartline,
Loop,Kass; these abstracts). In this study we examine the anatom-
ical layering of visual, infrared, and bimodal tectal neurons and
their spatiotopic organization.

Visual and infrared cell layers were identified in the tectum
of the pit vipers Crotalus viridis and Sistruris melitus. 48
lesions were made after recording visual or infrared activity
at varying electrode locations in the tectum. Histological recon-
structions of these lesions (Prussian Blue staining technique,
Akert and Welker, '61) were correlated with the micrometer depth

. readings of 271 visuval, infrared, and bimodal single unit record-
ings. We used a thermoneutral black wand against a light back-
ground as the visual stimulus and a warm soldering iron in the
dark as the infrared stimulus. The visual cell layer extends
across the entire tectum from approximately the level of the
posterior habenula to the anterior border of the posterior cor-
poro quadrigemina. The visual cell region extends across the
midline and comprises zones 7-13, i.e., the superficial 600-

700 microns of the optic tectum (stratum fibrosum et griseum
superficiale and stratum griseum centrale). The infrared cell
group is found everywhere in the tectum below the visual laminae
(layers 1-7). Eighty percent of the infrared neurons are found
between 500-1200 microns from the surface of the optic tectum.

In layer 7 (stratum griseum centrale) the visual and infrared
cell groups are mixed; bimodal neurons which respond to a combin-
ation of visual and infrared input are located predominately in
this layer.

Spatiotopic tectal maps for both modalities were constructed
from receptive field centers for superficial (visual) and deep
(infrared) recordings with multi-unit electrodes. In both modal-
ities , rostral loci yielded anterior (nasal) fields; medial
loci yielded superior fields. Thus, the axes of the spatiotopic
maps for both modalities are aligned similiarly across the
tectal surface. But the maps differ in detail. Corresponding
meridian lines do not have the same shape; the magnification
factor (mm tectal locus separation / degree field center displace-
ment) is about 1.5 times greater in the infrared map than is
found in the visual map. This requires that the same tectal sub-
layer receives information (visual and infrared) from two dispar-
ate regions of space as do the bimodal neurons.

The approximate similarity of spatial organization of the
visual and infrared systems in the optic tectum probably allows
orientation behavior to be mediated by either modality.

SOME CONNECTIONS OF THE OCTAVOLATERALIS AREA IN
THE BOWFIN, AMIA CALVA. C. A. McCormick* (SPON:
T. J. Neary). Div. Biol. Sci's., University of
Michigan, Ann Arbor, Michigan 48109.

In adult specimens of the bowfin, Amia calva,
either the anterior or posterior lateral line
nerve was sectioned proximal to its ganglion.
Following survival times of 8 to 17 days, the brains
were processed by the Fink-Heimer method. After
entering the brain, both nerves form ascending and
descending bundles which terminate in the portion
of the octavolateralis area designated by Pearson
as nucleus medialis. Nucleus medialis consists of
four cell types. Purkinje-like cells are situated
immediately ventral to the cerebellar crest, and
their dendrites have either a vertical or horizon-
tal orientation. Interspersed among the Purkinje-
like cells and ventral to them are small granule-
like cells. Small fusiform cells and large poly-
gonal cells are also found ventral to the Purkinje-
like cells. Both lateralis nerves terminate
ipsilaterally throughout nucleus medialis. Ter-
minal degeneration is also found in the ipsilateral
eminentia granularis of the cerebellum. No pri-
mary fibers ascend to the midbrain. Lesions of
the glossopharyngeal nerve reveal no terminals in
the octavolateralis area. Injections of HRP into
the torus semicircularis indicate that the major
projection from the octavolateralis area is from
the Purkinje-like cells. Approximately 350 of
these cells were labelled; 90% were located
contralaterally. A few cells in nucleus medialis
ventral to the Purkinje-like cells were also
labelled bilaterally. This research was
supported in part by NIH Grant 2 ROl NS 11006.
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ORGANIZATION OF THE DORSAL COCHLEAR NUCLEUS IN MAN. J.K. Moore¥*
(SPON: W. Wiederholt). Dept. Neurosci. and Neurobiol. Unit,
Scripps Inst. Oceanog., UCSD, La Jolla, CA 92093.

The dorsal cochlear nucleus (DCN), generally described as
vestigial in man, is in fact a well developed part of the human
cochlear complex, being relatively larger in man than in the cat
(Moore and Osen, in prep.). It differs significantly, however,
in its internal cytological organization from that of the cat
and other lower mammals. In the cat and prosimian primates, as
in most mammalian species, the DCN exhibits a pattern of synaptic
organization with features common to laminar cortical structures,
a pattern oriented around a layer of radially oriented efferent
neurons, the pyramidal or fusiform cells, which receive spatial-
ly segregated synaptic input from extrinsic fiber systems and
intrinsic cortical neurons, including a prominent layer of gran-
ule cells. This laminar pattern of organization is completely
lacking in the human DCN.

The alteration in cytoarchitecture in the human DCN is the
outcome of a progressive loss of lamination observed in a phylo-
genetic series of primates. This loss is incipient in prosimians
in which there is an apparently incomplete migration of the DCN
granule cells, with retention into adult life of an extensive
embryonic or external granular layer in addition to the normal
internal granular layer. In both ceboid and cercopithecoid
monkeys, granule cells are entirely subependymal: in cercopi-
thecoids, this external granular layer is considerably reduced
in volume. Associated with failure of migration and reduction
of the granule cell population is a shift in the position of the
pyramidal neurons to the central region of the nucleus. In the
ape (gibbon) and in man, only vestiges of the molecular and
granular layers remain. Thus in hominoids, the entire dorsal
nucleus is equivalent to the central region of other mammals,
with a large population of pyramidal cells oriented longitudi-
nally, parallel to cochlear fibers, rather than radially across
them. It remains a matter of speculation as to how changes in
cytoarchitecture and loss of internal circuitry affect the func-
tion of the DCN in man.

(Supported by USPHS Grant NS-12267).

268

STRUCTURE AND FUNCTIONAL RELATIONS: A MORPHOLOGICAL AND
QUANTITATIVE ANALYSIS OF THE DEVELOPING MESENCEPHALIC NUCLEUS
OF V IN BIRDS. C. H. Narayanan and Y. Narayanan*. Dept. of
Anat., Sch. Med., New Orleans, LA 70119.
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